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Section 45: EX-32.A (1350 CERTIFICATION OF CEO - SWEPCO)

Exhibit 32(a)

This Certification is being furnished and shall not be deemed “filed” for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Southwestern Electric Power Company (the “Company”) on Form 10-K (the
“Report”) for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof,
I, Nicholas K. Akins, the chief executive officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

/s/ Nicholas K. Akins
Nicholas K. Akins
Chief Executive Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Southwestern Electric Power
Company and will be retained by Southwestern Electric Power Company and furnished to the Securities and Exchange
Commission or its staff upon request.

(Back To Top)

Section 46: EX-32.B (1350 CERTIFICATION OF CFO - AEP)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed” for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
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of Title 18 of the United States Code

In connection with the Annual Report of American Electric Power Company, Inc. (the “Company™) on Form 10-K (the
“Report”) for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof,
I, Brian X. Tierney, the chief financial officer of the Company certify pursuvant to 18 U.S.C. Section 1350, as adopted
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

[s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to American Electric Power
Company, Inc. and will be retained by American Electric Power Company, Inc. and furnished to the Securities and
Exchange Commission or its staff upon request.

(Back To Top)

Section 47: EX-32.B (1350 CERTIFICATION OF CFO - AEPTCO)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed” for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of AEP Transmission Company, LL.C (the “Company™) on Form 10-K (the “Report™)
for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, I, Brian X.
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer
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February 20, 2020

A signed original of this written statement required by Section 906 has been provided to AEP Transmission Company,
LLC and will be retained by AEP Transmission Company, LLC and furnished to the Securities and Exchange Commission
or its staff upon request.

(Back To lop)

Section 48: EX-32.B (1350 CERTIFICATION OF CFO - AEP
TEXAS)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed *‘filed” for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of AEP Texas Inc. (the “Company™) on Form 10-K (the “Report”) for the year ended
December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, I, Brian X. Tierney, the chief
financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to Section 906 of the
Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the requirements of Section
13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the Report fairly presents, in all
material respects, the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to AEP Texas Inc. and will be
retained by AEP Texas Inc. and furnished to the Securities and Exchange Commission or its staff upon request.

(Back To Top
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Section 49: EX-32.B (1350 CERTIFICATION OF CFO - APCO)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed™ for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended. or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Appalachian Power Company (the “Company™) on Form 10-K (the “Report™) for
the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, [, Brian X.
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Appalachian Power Company and
will be retained by Appalachian Power Company and furnished to the Securities and Exchange Commission or its staff upon
request.

(Back To Top)

Section 50: EX-32.B (1350 CERTIFICATION OF CFO - 1&M)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed™ for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.
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Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Indiana Michigan Power Company (the “Company™) on Form 10-K (the “Report™)
for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, 1, Brian X.
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects. the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Indiana Michigan Power
Company and will be retained by Indiana Michigan Power Company and furnished to the Securities and Exchange
Commission or its staff upon request.

(Back To Top)

Section 51: EX-32.B (1350 CERTIFICATION OF CFO - OPCO)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed™ for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Ohio Power Company (the “Company”) on Form 10-K (the “Report™) for the year
ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, [, Brian X. Tierney, the
chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to Section 906 of the
Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the requirements of Section
13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the Report fairly presents, in all
material respects, the financial condition and results of operations of the Company.

[s/ Brian X. Tierney
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Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Ohio Power Company and will be
retained by Ohio Power Company and furnished to the Securities and Exchange Commission or its staff upon request.

(Back To Top)

Section 52: EX-32.B (1350 CERTIFICATION OF CFO - PSO)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed” for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Public Service Company of Okiahoma (the “Company™) on Form 10-K (the
“Report™) for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof,
I, Brian X. Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Public Service Company of
Oklahoma and will be retained by Public Service Company of Oklahoma and furnished to the Securities and Exchange
Commission or its staff upon request.

(Back To Top)
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Section 33: EX-32.B (1350 CERTIFICATION OF CFO - SWEPCO)

Exhibit 32(b)

This Certification is being furnished and shall not be deemed “filed™ for purposes of Section 18 of the Securities Exchange
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise
stated in such filing.

Certification Pursuant to Section 1350 of Chapter 63
of Title 18 of the United States Code

In connection with the Annual Report of Southwestern Electric Power Company (the “Company”) on Form 10-K (the
“Report”) for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof,
[, Brian X. Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the
Report fairly presents, in all material respects, the financial condition and results of operations of the Company.

/s/ Brian X. Tierney
Brian X. Tierney
Chief Financial Officer

February 20, 2020

A signed original of this written statement required by Section 906 has been provided to Southwestern Electric Power
Company and will be retained by Southwestern Electric Power Company and furnished to the Securities and Exchange
Commission or its staff upon request.

(Back To Top)

Section 54: EX-32.B (MINE SAFETY DISCLOSURE)

Exhibit 95

MINE SAFETY INFORMATION

The Federal Mine Safety and Health Act of 1977 (Mine Act) imposes stringent health and safety standards on various
mining operations. The Mine Act and its related regulations affect numerous aspects of mining operations, including
training of mine personnel, mining procedures, equipment used in mine emergency procedures, mine plans and other
matters. SWEPCo, through its ownership of Dolet Hills Lignite Company (DHLC), a wholly-owned lignite mining
subsidiary of SWEPCo, is subject to the provisions of the Mine Act.
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The Dodd-Frank Wall Street Reform and Consumer Protection Act (Dodd-Frank Act) requires companies that operate mines
to include in their periodic reports filed with the SEC, certain mine safety information covered by the Mine Act. DHLC
received the following notices of violation and proposed assessments under the Mine Act for the quarter-ended December

31,2019:

Number of Citations for S&S Violations of Mandatory Health or Safety Standards
under 104 *

Number of Orders Issued under 104(b) *

Number of Citations and Orders for Unwarrantable Failure to Comply with Mandatory
Health or Safety Standards under 104(d) *

Number of Flagrant Violations under 110(b)2) *
Number of Imminent Danger Orders Issued under 107(a)
Total Dollar Value of Proposed Assessments ** $ —

Number of Mining-related Fatalities 0

* References to sections under the Mine Act.
**  DHLC received two non-S&S citations during the fourth quarter of 2019. Proposed assessments for those
citations were not received in 2019.

There are currently no legal actions pending before the Federal Mine Safety and Health Review Commission.

(Back To Top)
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MATURITY MATCHING OR
“SELF-LIQUIDATING,” APPROACH

The maturity matching, or “self-liquidating,” approach calls for matching agge,
and liability maturities as shown in Panel a of Figure 14-3. This strategy Minimizeg
the risk that the firm will be unable to pay off its maturing obligations. To illustrae,
suppose a company borrows on a one-year basis and uses the funds obtained to hmld
and equip a plant. Cash flows from the plant (profits plus depreciation) would not be
sufficient to pay off the loan at the end of only one year, so the loan would have ¢,
be renewed. If for some reason the lender refused to renew the loan, then the com-
pany would have problems. Had the plant been financed with long-term debt, how-
ever, the required loan payments would have been better matched with cash flows
from profits and dcpru.‘iati(m and the problem of renewal would not have ariscn.

At the limit, a firm could attempt to match exactly the maturity structure of its as-
sets and liabilities. Inventory expected to be sold in 30 days could be financed with 3
30-day bank loan; a machine expected to last for 5 years could be financed with 5
S-year loan; a 20-year building could be financed with a 20-year mortgage bond; and
so forth. Actually, of course, two factors prevent this exact maturity matching:
(1) there is uncertainty about the lives of assets, and (2) some common equity must
be used, and common equity has no maturity. To illustrate the uncertainty factor, a
firm might finance inventories with a 30-day loan, expecting to sell the inventories
and then use the cash to retire the loan. But if sales were slow, the cash would not be
forthcoming, and the use of short-term credit could end up causing a problem. Stil,
if a firm makes an attempt to match asset and liability maturities, we would define
this as a moderate current asset financing policy.

In practice, firms don't finance each specific asset with a type of capital that has a
maturity equal to the asset’s life. However, academic studies do show that most firms
tend to finance short-term assets from short-term sources and long-term assets from

16
l(mg-tcrm sources.

AGGRESSIVE APPROACH

Panel b of Figure 14-3 illustrates the situation for a relatively aggressive firm that fi-
nances all of its fixed assets with long-term capital and part of its permanent current
assets with short-ferm, nonspontaneous credit. Note that we used the term “rela-
tively” in the title for Panel b because there can be different degrees of aggressiveness.
For example, the dashed line in Panel b could have been drawn below the line desig-
nating fixed assets, indicating that all of the permanent current assets and part of the
fixed assets were financed with short-term credit; this would be a highly aggressive,
extremely nonconservative position, and the firm would be very much subject to dan-
gers from rising interest rates as well as to loan renewal problems. However, short-
term debt is often cheaper than long-term debt, and some firms are willing to sacri-
fice safety for the chance of higher profits.

CONSERVATIVE APPROACH

Panel ¢ of Figure 14-3 has the dashed line above the line designating permanent cur-
rent assets, indicating that long-term capital is being used to finance all permanent

' For example, see William Beranek, Christopher Comwell, and Sunho Choi, “External Financing,
Liquidity, and Capiral Expenditures,” Jowrnal of Financial Research, Vol. 18, No. 2, 207-222.
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1 Introduction

Following clectricity deregulation with the National Energy Policy Act of 1992, the

estimation of the cost of common equity capital remains a critical component of

the utthty rate-of-return regulatory process. Since the cost of common equity is not
observable in capital markets. it must be inferred from asset pricing models. The
modecls that arc commonly applicd 1n regulatory proceedings are the Gordon (1974)
Discounted Cash Flow (DCF). the Capital Asset Pricing (CAPM) and Risk Premium
Modecls. There are other tools used to estimate the cost of common equity such as
comparable carnings or carnings-to-price ratios. but they arc not asset pricing mod-
cls. The emprrical literature on the CAPM is vast {lama and French (2004) ) and the
CAPM is used by a number of US regulatory jurisdictions. The DCF model has not
been empirically tested o the same extent as the CAPM. yet 1t is considered by many
US regulatory jurisdictions

The purposc of this paper is to present. test empirically and apply a recently devel-
oped genceral consumption-based asset pricing model that estimates the risk-return
relationship directly from asset pricing data and. when estimated with recently devel-
oped time series methods. produces a prediction of the equity risk premium that 1s
driven by wts predicted volaulity. The predicted risk premium is then added to a risk-
free rate of return 1o provide an estimate of the cost of common cquity. We pre-

dict two forms of the equuty risk premium with the model. the risk premium net of

the risk-free rate and the cquity-to-debt risk premium (equity risk premium net of the
relevant bond yield for the company s stock). Either can be applied (o predict the com-
mon cquity cost of capital for a public utility. Although the model 1s tested and applied

to public utilities for rate of return regulation. it can be used to esumate the cost of

capital for any stock. Section 2 reviews the asset pricing models typically used in pub-
lic utility rate cases and the gencralized consumption asset pricing model we propose
Lo estimate the cost of common equity. Section 3 discusses the data and the empirical
testing of the consumption asset pricing model Scection 4 reviews the application of the
model and compares it with the DCE and CAPM results. Section 5 1s the conclusion.

2 DCF, CAPM and consumption asset pricing model
2.1 DCF and CAPM approaches

The standard DCF model frequently used in estimative the cost rate of common equity
in regulatory proceedings is defined by the {ollowing equation:

k=Dy(l+g)/Po+g.

where & 15 the expected return on common equity. Dg s the current dividend per share.
¢ is the expected dividend per share growth rate: and P 1s the current market price.
The DCF was developed by Gordon (1974) specifically for regulatory purposcs.
Underlying the DCF model is the theory that the present value of an expected future
stream of net cash flows during the investment holding pertod can be determined

@ Springer
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New approach to estimating the cost of common equity capital 263

by discounting thosc cash flows at the cost ol capital, or the investors™ capitaliza-
tion rate. DCF theory indicates that an investor buys a stock for an expected total
return rate which is derved (rom cash flows received in the form of dividends plus
appreciation in market price (the expected growth rate) over the investment holding
period Mathematically, the expected dividend yield (Do(1 + g)/ Py) on market price
plus an expected growth rate equals the capitalization rate. 1.e.. the expected return on
common cquity.

The standard DCF contains several restrictive assumptions. the most contentious
of which during utility cost of capital proceedings 1s typically that dividends per share
(DPS). book value per share (BVPS), carnings per share (EPS) as well as market price
grow al the same rate i perpetuity. There is also considerable contention over the
proper proxy for g. prospective or historical growth in DPS. BVPS, EPS and market
price and over what tume period. In addition, although the standard DCF described
above is a single stage annual growth model, there is considerable discussion over the
use of multiple stage growth models during regulatory proceedings. Some analysts use
the discrete version and others use the continuous version of the DCF model Solving
these models for &. the cost of common cquity. results in differing cquations (o solve
for £. The cquation above is from the discrete version. The continuous version uses the
current dividend yield and 1s not adjusted by g, which results i a lower estimate for &
Because of these and other restrictive assumptions that require numerous subjective
judgments in application. it is often difficult for regulatory commissions to reconcile
the frequently large disparities n rates of return on common equity recommended by
various partics 1n a public utility rate case.

The CAPM modcl is defined by the following equation:

k=R, +B(Ry—Ry).

where k is the expected return on common cquity: K is the expected risk-free rate of

return; f1s the expected beta: and Ry, 1s the expected market return.

CAPM theory defines risk as the co-varability of a sceurity’s returns with the
market’s returns or . also known as systematic or market risk, with the market beta
being defined as 1.0. Because CAPM theory assumes that all investors hold perfectly
diversified portfolios. they are presumed to be exposed only to systematie risk and the
market (according to the model) will not reward them a risk premium for unsystematic
or non-market risk. In other words. the CAPM presumes that mvestors require com-
pensation only for systematic or market risks which are due to macroeconomic and
other cvents that affect the returns on all assets. Mathematically. the CAPM 15 applied
by adding a forward-looking risk-frec rate of return to an expected market equity nsk
premium adjusted proportionately by the expected beta to reflect the systematie risk.

As with the DCF, there 1s considerable contention during regulatory cost of capital
proceedings as to the proper proxies for all components of the CAPM: the R, . the
R, as wellas 8 In addition, the CAPM assumption that the market will only reward
investors for systematic or market risk is extremely restrictive when estimating the
expected return on common cquity for a single asset such as a single jurisdictional
regulated operating utility. Additionally. (his assumption requires that the investor
have a perfecty diversified portfolio. that 1s, one with no unsystematic risk. Since
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this assumption is not applicable. estimating the cost of common equity capital for a
single utility’s common cquity undoubtedly will not reflect the risk actually faced by
the imperfectly diversified mvestor.

As will be discussed in the next section, our apphication of the risk premium
approach. the consumption asset pricing model and GARCH' rest on mimimal
assumptions and restrictions and thercfore requires considerably less judgmentin its
application.

2.2 Risk premium approach. consumption assct pricing models, and GARCH

A widely used model to estimate the cost of common equity capital for public utilities
15 the risk premium approach. This approach often estimates the expected rate of return
as the long-term historic mean of the realized risk premum above an historic yield
plus the current yield of the relevant bond applicable to a specific utility or peer group
of utthies. Litigants in public utlity rate proceedings debate the choice of inputs to
estimate the risk premium as well as how far back to reach into history to collect data
for calculating an average that is representative of a forward-looking premium.

It is surprising that, as popular as the risk premium method is in public utlity rate
cascs. the intuitively appealing general consumption-based asset pricing model, with
its mmmimal assumptions and strong theoretical foundation, has not heen apphied to
cstimate the cost of common cquity capital for public utilities. The model provides
projections of the conditional expected risk premium on an assct based on its relation
o 1ts predicted conditional volatility. This model generalizes the well known special
casc assel pricing models such as the Merton (1973 intertemporal capital asset pricing
model. Campbelt (1993) intertemporal asset pricing model. and the habit-persistence
model of Campbell and Cochrane (1999). which are spectal cases of the general model.
The relation of the model to therr spectalized cases can be found in Cochrane (2006)
and Cochrane (2007). The approach of consumption asset pricing models 15 to make
mvestment decistons that maxinize investors” utility from the consumption that they
ultimately desire. not returns.

Even if the model 1s not used to project directly the expected risk premium. 1t can,
at a mmimum, be used to verify that the risk premia data chosen for estimating the cost
of capital 1s empinically validated by fiting the model well. The model can be used
Lo predict the equity risk premia net of the risk-free rate (cquity rnisk premium) or (o
predict the equity-to-debt risk premium for a firm We perform both of these empirical
tests in this paper. The general consumption-based asset pricing mode! developed n
Michelielder and Prlotte (2011) and based on Cochiane (2004) provides the relation-
ship of the ex ante risk premium to an asset’s own volaulity m returmn-

vol M1 .
EJNR 1]l =Ry = —————vol{[ R, ;w1 lcorr I M1 Ry ). h

E [M1]

I GARCH refers 10 the eeneralized autoregressive conditional heteroskedasticity regression model which
15 discussed below
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New approach (o estmating the cost of common equity capital 265

where vol, 1s the conditional volatility. corry 15 the conditional correlatton. and M, 4.
15 the stochastic discount factor (SDF).

The SDI7 1s the mtertemporal marginal rate of subsutution in consumption. or.
My = ﬁg{/j—ll where the U, 's are the marginal utilities of consumption in the next
period, 7+ . and the current period. 7. and f1s the discount factor for period 1 to £ 4- 1.
Equation 1 shows that the algebraic sign of the relation between the expected risk
premium and the conditional volatility of an asset’s risk premium ts determined by the
correlation between the asset’s return and the SDF That is. the direction of the relation
between the asset return and the ratio of mtertemporal marginal utilities in consump-
tion inversely determines the relation between the expected nisk premium and condi-
tional volatulity, When the correlation is equal to negative one, the asset’s conditional
expected risk premium s perfectly postiively correlated with its conditional volatihity.
A positive relation between the conditionally expected risk premium and volatility
obtains when —1 < corr, < 0. A negative relation obtains when O < corry < 1.

For an asset that represents a perfect hedge against shocks to the marginal utility of

consumption. with corr; = 1. there will be a perfect negative correlation between the
conditionally expected risk premium and its volautity.” Therefore. estimates of the
relation between the first two conditional moments of a public utility stock’s returns
provide a direct test of the effectiveness of a public utility stock. or any asset. as a
consumption hedging asset. In Eq. . vol, M, .11/ E/ 1M, 4.1 ] s the slope of the mean-
variance frontier. If this slope changes over time. the cstimated relation between the
stock’s risk and return will vary over time. This model can also be viewed simplisti-
cally as the projected expected risk premium as a function of 1ts own projected risk,
given information avarlable at time 7.

Note that the model allows for the expected risk premium to be negative if the assel
hedges shocks (o the marginal utility of consumpution. Investors are willing to accept
an expected rate of return lower than the risk-free rate of return 1f the pattern of vola-
tility is such that returns are expected to rise with expected reductions 1n consumption
Simply. investors are willing to pav a premivm for a higher level of 1eturns volatility
that has the desired pattern of returns. These desired returns patterns have a tendency
1o offsct drops in consumption Therefore, this model shows that investors may not be
averse (0 volatihity. but rather to the timing of expected changes in returns.

Summartzing, several conclusions can be drawn from the general model of asset
pricing. Fust. the sign of the relation between a stock’s risk premium and conditional
volatility depends on the extent to which the stock serves as an intertemporal hedge
against shocks to the marginal utility of consumption. Second, the relation between
stock risk and return may be ume-varying depending on changes n the slope of the
mean-variance frontier Third. hedaing assets have desired patterns of volatility that
resultin expected rates of return that are less than the risk-1ree rate. We do not expect

A hedging assetis one that has a positive increase m returns that 1s comerdent with a positive shock in the
tatio of mtertemporal marginal utihiies of consumption Note that 1f we assume a conceave uthty function
1n consumption. as consumption dechmes, the margmal uthty of consumption rises relative (o last period
maigmal utility 1 we think of a dechine in consumption as a contiaction 1n the business eycele. the hedgmg
asset delivers postive changes in returns when the business eyele 1s moving into a contiaction and therefore
the asset 1s a business evele hedge
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that public utlhity stocks serve as a hedging asset as they are not viewed as defenstve
stocks (they do not rise in value during downturns 1 the stock market) due (o asym-
metrie regulation and returns as discussed m detail in Kolbe and Tyve (1990). Under
asymmetric regulation. utihity regulators have a tendency to allow the rcturn on equity
to fall below the allowed return during downturns in the business cycle and to reduce
the return should it rise above the allowed return during expansions. Therefore we
expect that the parameter estimates of the return-risk relationship to be positive as
uithty stocks are hypothesized to not be hedges.

We use the GARCH model to estumate the gencral asset pricing model since the
GARCH model accommodates ARCH effects that improve the efficiency of the param-
cter estimates. It also provides a volatility forecasting model for the conditional vol-
atlity of the assetUs risk premium. The conditional volatility projection is used, in
turn 1o predict the expected risk premium. We also use the GARCH-in-Mean model
(GARCH-M) since 1t spectfies that the conditional expected risk premium is a lincar
function of its conditional volatlity. There is a vast body of literature that estimates
asset pricing models with the GARCH and GARCH-M methods and therefore we will
not attempt to summarizc them here.

The GARCH-M model was mitially developed and tested by Engle et al (1987)
to estimate the relationship between US Treasury and corporate bond risk premia and
their expected volatilitics. The GARCH-M model is specified as:

Ritt = Ry :O“’/2+| Tt (2)
(TIZH =f, + ﬁ|(7/2 + /32‘0/2 + it (3)
ol ~ T o)) (4)

where R, is the expected total return on the public utifity stock index or individual
uttlity stock: Ry 4y ts the risk-free rate of return or the yield on an index of pub-
fic utility bonds of a spectfied bond rating for the equity-to-debt premium; (f,z’H
the conditional or predicted vartance of the risk premium that 1s conditioned on past
information (¥, ). and &, is the error term that 1s conditional on v, _,

The conditional distribution of the error term is specified as the non-unitary vari-
ance T-distribution duc o the thick-tatled distribution of the sk premia data. If the
crror distribution is thick-tailed. using an approximating distribution that accommo-
dates thick tails improves the efficiency of the estimates. The parameter, «. 1s the
return-to-risk coeflicient as specified mn Eq 1 as:

1S

_’UO/,IM,“ |

corrdd M, o1 R, 1] (5)
E M)

o =

Note that the coefficient will be positive (f the conditional correlation between the
SDF and the asset return is negative, indicating that the stock 1s not a hedging assel.
Recall that the SDF 15 the ratio of intertemporal margmal utilities. Assuming a concave
utility function. an upward shock 1n the ratio imphes falling consumption. therefore
an associated rise (positive correlation) in the return (R, ) would offset the reduction
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New approach to estimating the cost of common cquity capital 267

in consumption. thereby causing the sign of « to be negative. The parameter. o 1s also
the ratio of risk premium o varrance. or, the Sharpe ratio

The intercept in Eq. 2 is restricted to zero as spectfied by the gencral asset pricing
model specification. The restriction on the itercept equal to zero has been found to be
robust 1n producing consistently positive and significant relationships between equity
sk precoma and risk 1n GARCH-M models. This 1s discussed in Lanne and Satkkonen
(2000) and Lanne and Luoto (2007). We have found the same results i our model-
ing in this paper. although we have excluded thesce results for brevity (avatdlabie upon
request) Therefore we specity the prior assumption that the intercept or the “excess™
return. i.c.. the return not associated with risk o be equal to zero and drop the intercept
from the model.

The consumption asset pricing model is estimated in the empirical section of the
paper and applied 10 the applications scction of the paper. The model is tested to (1)
determine if equity-to-debt risk premium indices for utilities of differing risk specified
by differing bond ratings arc validated by the assct pricing model and therefore have

some cmpirical support for risk premium prediction and application (o utility cost of

capital estimation. (2) determine whether equity risk premia can be predicted and fit
the model and therefore be used to estimate the cost of common cquity, (3) empirically
test the consumption asset pricing model, and (4) ascertain whether utility stocks are
assets that hedge shocks to the margmal utility of consumption.

If utility stocks are hedging assets then the cost of common cquity should reflect a
downward adjustment to a specified risk-free rate to reflect mvestors™ preferences for
a hedge and the compensation that they are willing to pay for it

3 Data and empirical results

We use portfolios as represented by public utility stock and bond indices to estimate
the conditional return-risk relattonship for the equity-to-debt premium The cquity-
to-debt risk premium data employed for esuimating Eq. 1 with the GARCH-M con-
ditional return-risk regressions are monthly total returns on the Standard and Poor’s
Public Utilities Stock Index (utility portfolio). and the monthly Moody s Public Utility
Aa. A. and Baa yields for the debt cost. We also obtained equity risk premia for the
utility portfolio using the Fama-French specified risk-free rate of return. which is the
holding pertod return on a T-month US Treasury Bill. The data range from January
1928 to December 2007 with 960 observations. The return-risk relationships for the
cquity-to-debt premia are risk-differentiated by themr own bond rating

As a check. we also estimate Eq. | with the GARCH-M for large common stock
returns using the monthty Ibbotson Large Company Common Stocks Portfolio total
returns and the Ibhbotson US Long-Term Government imcome returns as the risk-free
rate Additionally. as another check. we do the same for the University of Chicago's
Center for Research i Security Prices value-weighted stock index (CRSP) using the
Fama-French risk-free rate This 1s the Fama-French specification of the market eqg-
utty risk premium. The data range {rom January 1926 10 December 2007 with 984
obscrvations for the Large Company Common Stock estimation and the data ranges
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Table 1 Descrptive statisties public utility and large company common stochs equity-to-debt and equity
sk prenia

Utilty bond rating Mean Sud Dev Skewness Kurtosis 1B
A 00037 00568 00744 10 07 2.0012
A (0035 (0568 00632 10 06 19918
Baa (00031 00568 00375 10 02 1973 6¢
Ibbotson
Large common stocks 00054 00554 04300 12 84 39547
CRSP value-weighted stock index 00062 0 0544 02309 1092 25191

The public utibty equity-to-debt nisk premia monthly tme series 18 from January 1928 to December 2007
with 960 observations The equity nisk premiwm monthly time senes for the Lage Common Stocks and the
CRSP index are January 1926 to December 2007 with 984 observations. and January 1926 to December
2007 with 984 obseivations, tespectively The public utihity stocks equity-to-debt sk prenuia are caleulated
as the total return on the S&P Public Utthties Index of stocks minus the Moody’s Public Utility Aa. A and
Baa Indices yields o matweity The Laige Company Common Stock equity nisk premia are the monthly
total 1etuins on the Ibbotson Large Company Common Stocks Portfolio minus the Ihbotson Long-Teim
US Government Bonds Portfolio mcome yield The CRSP equtty 1isk premia, ot the Fama-French market
tisk premia we the CRSP 1otal retwins on the vatue-weighted equity mdex mmus the T-month holding
penod return ona | month Ticasury Bill The Jarque-Bera (1B) statistic 1s a goodness-of-fit measure of the
departure of the distitbution of & data scries from normahty. based on the levels of skewness and excess
kurtosts The 1B statistic 18 XZ distributed with 2° of ficedom "7 Signiticant at 0 01 Tevel. one-tailed test

from January 1928 to January 2007 with 960 observations (same as the utilities) for
the CRSP estimation.

Table 1 displays the descriptive statistics for these data. We have estimated the
mean, standard deviation. skewness and kuitosts parameters. as well as the Jarque-
Bera (JB) statistic to test the distribution of the data. The means of the utility equity-
to-debt risk premia fall as the risk (bond rating) declines. This is consistent with the
notion that larger yields are subtracted from stock returns the lower the bond rating.
Intertemporally. there is an inverse relationship between risk premia and interest rates
(Sce Brigham et al (1985) and Harris et al. (2003)) The mean for nisk premia wili
have a tendency (o be larger during low interest rate periods.

Not surprisingly. large company common stocks have the highest mean risk premia
as the majority of these firms are not rate-of-return regulated firms with a ceiling on
therr ROE's close (o therr cost of capital. Interestingly. the standard deviations of the
utility stock returns are similar and slightly higher than large company common stocks
Skewness coefficients are small and positive except for Ibbotson farge company com-
mon stock returns and CRSP returns that have large positive skewness. This suggests
that large unregulated stocks have a tendency to have more and larger positive shocks
i returns than do uuhities that arc rate of return regulated. The kurtosts values show
that all of the risk premia are thick-tail distributed. This 1s also found 1n the significant
JB statistics that test the null hypothesis that the data are normally distributed. The null
hypothests is rejected for all assets. The high kurtosis. low skewness. and sigmificant
IB statistics show that the risk premia data are substantially thick-tailed, except for
non-utihty stocks that are both skewed and thick-tailed. Therefore. robust estimation
methods are required (o produce efficient regression estimates with non-normal data.
Additionally. although not shown but avatlable upon request. the serial correlation and
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New approach o estimating the cost of common cquity capital 269

ARCH Lagrange Multiplicr tests show that residuals from OLS regresstons of risk pre-
mia on volatilities follow an ARCH process. Therelore. the GARCH-M method will
improve the efficiency of the estimates. We spectfy the regression error distribution
as a non-unitary variance T-distribution so that thick-tails could be accommodated 1n
the esumation and therefore produce increasingly efficient parameter estimates.

We used maximum likelihood estimation with the likelihood function specified
with the non-unitary-variance T-distribution as the approximating distribution of the
residuals to accommodate the thick-tatled nature of the error distribution. The cqua-
tions are estimated as a system using the Marquardt iterative optimization algorithm.
The chosen software for estimating the model was EVlcws© version 6.0 (2007).

Table 2 shows the GARCH-M cstimations for the consumption asset pricing Eq. 1.
We have estimated Eq 1 for the utility equity risk premia using the Fama-French
risk-free rate in addition (o the equity-to-debt risk premia risk-dilferentiated by bond
ratings and the two measures of the market equity risk premmum. The chosen mea-
surc of volatihty s the variance of risk premium (in contrast o other such measures
such as the standard deviation or the log of variance. Although these results are not
shown for brevity, they are robust to these other measures ol volatility). The slope.
which is the predicted return-to-predicted risk coefficient and Sharpe ratio. is positive
and significant at the 99% level for all assets except the utlity stock returns with
Baa bonds, which 1s stgnificant at the 95% level. Given that all slopes are positive.
public uttity stocks are not found to hedge shocks to the marginal utility of con-
sumption. Note that the reward-to-risk slope rises as bond rating rises. This sug-
gests that fower risk utility stocks provide a higher incremental risk-premium for an
increase in conditional volatility. This 1s consistent with other studies that find that
lower risk asscts, such as shorter maturity bonds. have higher Sharpe Ratios than long-
term bonds and stocks. Sce Pilotie and Sterbens (2006) and Micheltelder and Pilotte
(2011)

The variance cquation shows that all GARCH cocfficients (£°s) are significant at
the 1% level and the sums of B and By are close to, but less than 1.0. indicating
that the residuals of the risk premium equation follow a GARCH process and that
the persistence of a volatihty shock on returns and stock prices for utility stocks 1s
temporary. The estimates of the non-unitary variance T-distribution degrees of free-
dom parameter are Jow and statisticatly significant. indicating (hat the residuals are
well approximated by the T. Similar values for the log-likelihood functions (Log-L)
show that cach of the regressions has a similar goodness-of-fit. Chi-squared distributed
likelihood ratio tests (not shown but available upon request) that compare the good-
ness of (it among the T and normal spectficauons of the likelihood function of the
GARCH-M regressions show that the T has a significantly better fit than the normal
distribution.

The GARCH-M results for the large company common stocks portfolio are sim-
tlar to those of the utility stocks Not surprisingly. large company common stocks
do not hedge shocks to the marginal utlity of consumption and volatility shocks
temporartly alfect their valuations The exception is that the return-risk slope 1s sub-
stantially higher than vtihty stock slopes. This 1s partially duc to the risk-free nature
of the rnsk-free rates used with the non-utility equity nisk premia compared to the
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Table 2 Esumation of retuin-risk relation pubhic utility and large company common stocks

Utihty bond iating o o Bi 4 Log-1. Tdist DF
Aa 1.5183 ° 0 0000~ 0.8791" 0103177 1.604 4 99254 -
(0 5308) (0 0000) (0 0230) (0 0219) (30272)
A 145367 00000 * 08790+ 01033 ¢ 1.605 0 9 931
(0 5308) (00000) (0 0230) (60220 (3 0408)
Baa 13318+ 00000 08789 « 01040 1.6052 100 °
(0 5303) (0 0000) (0 0229) (0 0220y (3 054
Fama-Fiench Ry 204280 7 00000 08811 00979 1.601 0 98773
(0 5318) (0 0000) (00232) (00212) (29700)
Ibbotson
Laige company 27753 77 00001 0 08381 01186" - 16208 88457
common (05513 (0 0000y (0.0269) (0 0332) (21613)
stocks
CRSP 3387311 00000+ 08330 "1 01149 1.598 9 88571 7
value-werghted (0 5673) (0 0000) (00270) (0 0358) (19505)

stock mdex

The 1csults below are the GARCH-in-Mcan iegiessions for the nisk prenmuam (R — Ry ) on
the conditional vatlance of the risk prenium (nIZH) i the mean ecquatton The antercept i the
mean equation s restricted to be equal (o ze10 The public utihity equity-to-debt 1isk prenia monthly
ume serres 18 from January 1928 10 December 2007 with 960 observations The equity nisk pre-
mium monthly tume seires for the Large Company Common Stocks and the CRSP mdex are Jan-
uaty 1926 to December 2007 with 984 observations. and lanuary 1926 10 December 2007 with
984 observations tespectively The public utihty stocks equity-to-debt risk prenwa ae calculated as
the total return on the S&P Public Utlities Index of stocks minus the Moody's Public Utility Aa.
A and Baa Indices yields to matuty The Laige Company Common Stock equity 1isk premia
arc the monthly total returns on the Ibbotson Large Company Common Stocks Portfolio nunus the
Ibbotson Long-Term US Government Bonds Portfolio income yield The CRSP equity 1isk premia. o1
the Fama-Fiench market risk premia are the CRSP total returns on the value-weighted equity mdex mimus
the T-month holding pertod retuin on a I month Ticasury Bill The estimated model 15

2 vol [ M,y

1+1 f-rl"fy‘ll(””’IM1+l Ry gl

Riy1 = Ryjpy = a0 4 e wWhereo = —

”,Z_H = /;(; + ﬂ| (71: + ﬁ:“\; A

The condittonal distitbution of the eiror term s the non-unitary vanance T-distitbution 10 accommodate the
kurtosts of the sk prenna and envon termy Standard entors ane m parentheses " 07 denote significance
atthe 0 01005, and 0 10 Jevels, respectively for two-tail tests

uttlity bond yields that reflect risk. The utility stocks slope value of 2.1428 using
the Fama-French risk-free rate is closer to the higher CRSP value of 3.3873 that
is also based on the Fama-French risk-free rate. This 15 mnconsistent with previous
results herein and in other papers that find that Sharpe Ratios are lower for higher risk
assels unless this finding can be interpreted as utility stocks having more risk than
non-regulated stocks. The standard deviations on Table 1 suggest that utility stock
return volatilitics are as high as the stock returns ol non-regulated firms. However,
similar model estimates of portiolios ol common stocks yield unstable results, such
as negative as well as positive return-risk slopes when the mtercept is not restricted
to 7ero. See Campbell (T987). Glosten et al (1993), Harvey (2001), and Whitelaw
(1994).
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New approach to estimating the cost of common equity capital 274

Stock market results are highly sensitive to empirical model specification. Many
studies do not consider the impact of a zcro-intercept prior restriction on the stability
of their results. This simple innovation has led to more consistent results in modeling
stock market risk-return relationships. and therefore we have included it i this paper.

The estimation of the consumption asset pricing model for utility stock equity-
debt risk premia shows that the use of bond-rating risk-differentiated risk premia are
validated as their risk-return relationships are well-fitted by theoretical and empirical
models of risk and return. Therefore. these data impound good representations of the
risk and reward relationship.

Onc concern is the intertemporal stability of the alphas Figure 1 plots the utility
stock portfolio alpha (using the Fama-French R, to calculate the premium) and its
standard error for 240 month rolling regressions of the model estimated with GARCH-
M in the same manner as described above to review the intertemporal stability of the
alpha. A 20-ycar period was used for cach estimation to trade off timeliness with
sufficient observation of up and down stock market regimes and business cycles. This
resulted in 720 estimated alphas from 1947 1o 2007, The results show that the utility
alpha 1s stable to the extent that the algebraic sign 1s always positive and generally
significant, therefore the nature of utility stocks are assets that are not and have never
been hedges during the second half of the twentieth century up to the present. The
value of the alpha does change substantially. The mean of the alphais 4.40 with arange
from —0.11 (insignificantly different from 0) 1o [1.66. As a comparison. the alpha
for the CRSP value-weighted stock index was also estimated with rolling regressions
in the same manner and for the same time period. Figure 2 is a plot of the CRSP

alpha and standard crror. Note that the general stock market alpha is similar to that of

utility stocks. They are all positive and almost all statistically significant and follow
a strikingly similar cycle. Figure 3 plots both the utility and stock market alphas and
demonstrates the similarity. The correlation coefficient between the utility and stock
market alphas 1s 0.88. Recalling that the alpha is a Sharpe Rato. we sce that return to
risk ratio does change substantially. This is consistent with the results in Prlotte and
Sterbens (20006).

Once other interesting observation 1s that the standard errors of the alphas arc highly

stable over the study period and are very similar in magnitude regardless of the size of

the corresponding alpha Whercas the alpha follows a cychcal pattern, the volatility
in alpha is highly stationary around a constant. long-run mean.

The GARCH-M model estimations of the consumption asset pricing model were
specified with variance as the measure of volatility. We also performed the same model
estimations with alternative specifications of volaulity such as the standard deviation
and the log of varance and the results were not sensttive Lo this specification.

4 Application
We apply the modcl in this section to compare the cost of common equity capital esti-

mates with the DCF and CAPM models. Using EViews© Version 6.0, we estimated
the model coeflicients («. B's) over rolling 24 month periods ending December 2008.
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Rolling 240 Month Utility Stock Alphas 1947 - 2007

LI L B B L L B L o R N R A RN MR R RN SRR R RN R

45 50 55 60 65 70 75 80 85 90 95 00 05

1 — Alpha - Alpha Standard Error

Fig. 1 Rolling 240 month utlity stock alphas 1947-2007

Rolling 240 Month CRSP Value-Weighted Alphas 1947-2007
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Fig. 2 Rolling 240 month CRSP value-weighted alphas 1947-2007

We repeated the estimation over 5. 10, 15,20 and 79 year periods.* Predicted monthly
2 . . .

variances (o ) were generated from these estimations (o produce predicted risk pre-

miums that were calculated by multiplying the predicted variance by the "o slope

3 We did not melude the 1esults of the 10 and 15 year estimations (o abbieviate the amount of empinical
results presented since they added no matenal insights beyond those alicady presented
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Rolling 240 Month CRSP and Utility Alphas 1947-2007
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Fig. 3 Rolling 240 month CRSP and utility alphas 1947-2007

Table 3 kstimates of expected sk premia

Mean (%) Range (%) Standard deviaton (%)

Average  Spot Average Spot Average  Spot

Ibbotson Associates data

79-years 959 576 8 74-9 96 262-2260 032 524

20-years 677 694 4 99-8 50 224-2895 095 688

S-years 420 10 25 —9849-11 62 — 100 00-39 65 22 00 26 61
S&P Utility Index

79-yems 528 290 430-528 1 65-8 15 032 1 60

20-years 393 351 278-503 218-688 057 111

S-years 3182 326 63 777-15697 6 12-646574 3147 1283 51

coefficient To test the stability of the predicted risk premia over time. the predicted
risk premia were calculated using cither the predicted vanance over cach entire time
period or the last monthly (spot) predicted vanance. Table 3 presents the mean pre-
dicted nisk premia. the range of predicted premia and the standard deviations for cach
time pertod. [tis clear [rom the results that the risk premia are more stable over the roll-
ing 24 month period when calculated using the average predicted variance compared
with using the spot variance. Sccondly. the 20 and 79 year means arc substantially
more stable and reasonable in magnitude than the 5 year means.

Next. grven the lessons from the analyses above. we apply the model to mecham-
cally” estimate the cost of common equity for 8 utihity companies using the model and

* The term “mechamcatly™ i this context means that the esulting values have been developed ina consis-
tent manner with the same mputs across all utility stocks but no subjective judgment was used to develop
final values for cach spectfic utihty stock application
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the DCF and CAPM as comparisons. We also calculated the realized market return
for comparison. Two publicly-traded electric. electric and gas combination, gas. and
waler utilities respectively were chosen for the applicatuon. The Gordon (1974) DCF
and CAPM modecls are used in many utility regulatory jurisdictions i the US.

The DCF was applied using a dividend yield. Do/ Py. derived by dividing the year-
end indicated dividend per share (Dg) by the year-end spot market price (Py). The
dvidend yicld is grown by the year-end I/B/E/S five year projected carnings per share
growth rate (g) to derive Do(t - g)/ Py. The one-year predicted dividend yield is then
added to the I/B/E/S five-year projected EPS growth rate to obtain the DCF cstimate
of the cost of common cquity capital. A. This study was conducted for the S years
ending 2008.

The CAPM was apphied by multiplying the Value Line beta (8) available at year-
end for cach company by the fong-term historie arithmetic mean market risk premium
(Ry — Ry). Ry — Ry is derived as the spread of the total return of large company
common stocks over the income return on long-term government bonds from the Ib-
botson SBBI12009 Valuation Yearbook The resulting company-spectfic market equity
risk premium is then added o a projected consensus estimate of the yield on 30-year
U.S Treasury rate provided by Blue Chip Financial Forecasts as the risk-free rate (R ;)
to obtain the CAPM result This study was also conducted over the 5 years ending
2008.

Figures 4-11 show the histograms of the cost of common equity capital estimations
for cach of the cight public utihty stocks and the realized market returns in the forth-
coming year. The consumption asset pricing model appears to track more consistently
with the CAPM than with the DCF which scems to produce generally lower values
than the other methods. The consumption asset pricing model results are stmitar to

the CAPM. The model and the CAPM compete as the best predictor of the rate of

return on the book valuc of common cquity (not shown but available upon request).
but none of the expected returns were good predictors of market returns. That does
not nfer that they were not good predictors of expected market returns. These results
are an initial indicator that the consumption asset pricing model provides rcasonable
and stable results. This paper does not suggest at this carly juncture that the consump-
tion asset pricing model 1s supertor to the CAPM or DCF. although 1t is based on far
less restrictive assumptions than these other models. For example. both the DCF and
CAPM assume that markets are cfficient. Many assume that the DCF requires that the
markel-10-book ratio to always cqual onc. whereas the long-term value for the Stan-
dard and Poor’s 500 1s equal to 2.34. The CAPM assumes that investors demand higher
returns for higher volatthty and that the mmimum required return is the risk-free rate.
whereas the consumption assel pricing model allows for investors to require returns
less than the nisk-free rate for stocks that may have relatively higher volatility but are
hedging assets that have desirable return fluctuation patterns that offsct downturns 1n
the business cycle. Unlike the CAPM. the model prices the risk (o wliuch ivestors are
actually exposed, whether it's systematic risk or not. Some investors are diversified
and some are not; the model prices whatever risk to which the aggregate of investors
of the specific stock is exposcd.

We find that the consumption asset pricing model should be used m combination
with other cost of common equity pricing models as additional information in the devel-
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Cost of Common Equity Results for Edison International Compared to Market Return®
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Figs. 4~11 Compaitson of the cost of common equity estimates and market

opment of a cost of common cquity capital recommendation. Practitioners may find
the modeling methods and the use of relatively advanced cconometric methods rather
cumbersome. The software for performing these estimations 1s readily available from

EViews© and SASC: two commonly available software packages at utilitics, consult-
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ing firms and financral firms. Recent Ph.D. and M.S. holding members of research
departments of investment and consulting firms have ready access (o the model and
methods discussed i this paper. although it will require years for these tools, like any
“new’ technology. to diffuse mto standard use. Another problem 1s that the model
requires a substantial time series history on stock returns data to develop stable esti-
mates of risk premia This is problemauc especially for the electrie and gas utility
industrics that have consolidated with many mergers in the recent past. This problem
can be addressed by developing and predicting the value-werghted risk premium of a
portfolio of similar stocks such as electric utthties that have nuclear generating assets.
The specific stock in question would be included in the returns index with a weight
based on market capitalization that would go to 0 when the stock price history is no
longer existent reaching back into the past.

5 Conclusion

The purpose of this paper is to introduce. test emprrically and apply a general con-
sumpltion based asset pricing model that 1s based on a minimum of assumptions and
restrictions that can be used to predict the risk premium to be applied i estimating
the cost of common equity for public utilitics m regulatory proceedings The results
support the simple consumption-based asset pricing model that predicts the ex ante
risk premium with a conditionally predicted volatility m risk premium. The estimates
of the cost of common ¢quity from the consumption asset pricing model compare well
with rates of return on the book value of common equity and with the CAPM, although
both the model and the CAPM results are substantially higher than the DCFE. This 1s
quite common in the practice of the cost of common equity in the utility industry. The
results of the model are stable and consistent over time. Thercefore the model should be
considered as it provides additional evidence on the cost of common equity in general
and spectfically in public utility regulatory proceedings. Scecondly. the use of bond-
rated yiclds to predict risk ditferentiated equity-to-debt risk premiais supported by the
empirical evidence and therefore should be applied in estimating the cost of common
cquity. Finally, the robust empirtcal evidence on the positive risk-return refationship
also shows that utility stocks arc not a consumption hedge and are not good hedging
securities against contractions i the economy The model and estimation methodology
presented in this paper provide a relatively simple tool to determine whether any asset
1s a hedge o adverse changes i the business cycle through the level of consumption
in the economy.
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Econometrica, Vol. 50, No. 4 (July, 1982)

AUTOREGRESSIVE CONDITIONAL HETEROSCEDASTICITY
WITH ESTIMATES OF THE VARIANCE OF
UNITED KINGDOM INFLATION'

By RoBeRT F. ENGLE

Traditional econometric models assume a coustant one-period forecast variance. To
generalize this implausible assumption, a new class of stochastic processes called autore-
gressive conditional heteroscedastic (ARCH) processes are intraduced in this paper. These
are mean zero, serially uncorrelated processes with noncoustant vartances conditional on
the past, but constant unconditional varances. For such processes, the recent past gives
information about the one-period forecast variaace.

A regression madel is then introduced with disturbances following an ARCH process.
Maximum likelithood estimators are described and a simple scoring iteration formulated.
Ordinary least squares maintams its opumality properties in this set-up, but maximur
likelihood 15 more efficient. The relative efficiency s calculated and can be infinite. To test
whether the disturbances follow an ARCH process, the Lagrange multiplier procedure is
employed. The test is based sumply on the autocorcelation of the squared OLS residuals.

This model 15 used to estimate the means and vanances of inflation in the U.K. The
ARCH effect is found to be significant and the estimated variances sncrease substantially
during the chaotic seventies,

1. INTRODUCTION

IF A RANDOM VARIABLE y, is drawn from the conditional density function
fCy, | y._ 1} the forecast of today’s value based upon the past information, under
standard assumptions, is simply E{y, |y, ). which depends upon the value of the
conditioning variable y,_,. The variance of this one-period forecast is given by
V{y,|v,_ ). Such an expression recognizes that the conditional forecast vanance
depends upon past information and may therefore be a random variable. For
conventional econometric models, however, the conditional variance does not
depend upaon y,_,. This paper will propose a class of models where the variance
does depend upon the past and will argue for their usefulness in ecanomics.
Estimation methods, tests for the presence of such models, and an empirical
example will be presented.
Consider initially the first-order autoregression

P = W + <

where ¢ is white noise with V(¢) = o The conditional mean of y, is yy,_, while
the unconditional mean is zero, Clearly, the vast improvement in forecasts due to
time-series modeis stems from the use of the conditional mean. The conditional

'This paper was written while the author was visting the London School of Economrcs. He
henefited greatly from many stimulating conversations with David Hendry and helpful suggesttons
by Denis Sargan and Andrew Harvey. Special thanks are due Frank Srba who carried out the
computations. Further insightful comments are due to Clive Granger, Tom Rothenberg, Edmond
Matinvaud, Jean-Francois Richard, Wayne Fuller, and two anonymous referees. The research was
supported by NSF SOC 78-09476 and The International Centre for Economics and Related
Disciplines. All errars remain the author’s responsimbity.
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variance of p, is o while the unconditional variance is ¢*/1 — y% For real
processes one might expect better forecast intervals if additional information
from the past were allowed to affect the forecast variance; a more general class
of modeis seems desirable.

The standard approach of heteroscedasticity is to introduce an exogenous
variable x, which predicts the variance. With a known zero mean, the model
might be

,}"r = €6X

where again V(€)= 6. The variance of y, is simply o?x%_, and, therefore, the
)1 py r—1

forecast mterval depends upon the evolution of an exogenous variable. This
standard solution to the problem seems unsatisfactory, as it requires a specifica-
tion of the causes of the changing variance, rather than recognizing that both
conditional means and variances may jointly evolve over time. Perhaps because
of this difficulty, heteroscedasticity corrections are rarely considered in time-
series data.

A maodel which aliows the conditional variance to depend on the past realiza-
tion of the series is the bilinear model described by Granger and Andersen {13].
A sumpie case is

,Vr = ebvl -1

The conditional variance is now a”y;_ ;. However, the unconditional variance 1s
either zero or infinity, which makes this an unattractive formulation, although
slight generalizations avoid this problem.

A preferable model is

— L/2
Y= thr / »

2
h{= a0+ Xy Vs

with F(¢)=[. This 1s an example of what will be called an autoregressive
conditional heteroscedasticity (ARCH) model. It is not exactly a bhilinear model,
but is very close to one. Adding the assumption of normality. it can be more
directly expressed in terms of ¢,, the nformation set available at time ¢. Using
conditional densities,

1) Vel dy 1~ N (0. Ay).

(2) hr = ay + al,}“rl— b

The variance function can be expressed more generally as
{3) h‘=h(yz,,l,yz_2,...,yI_P,Of)

where p is the order of the ARCH process and a 1s a vector of unknown
parameters.
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The ARCH regression model is obtained by assuming that the mean of y, is
given as x,f, a linear combination of lagged endogenous and exogenous variables
included in the mmformation set y,_ with 8 a vector of unknown parameters.
Formally,

)’a 1 ¢(—|~N(x(ﬁ$h[);‘
(4) =R (€ g .. €

f.ﬂp-‘ Oi).

€=y - X{ﬁ'

The vanance function can be further generalized to include current and lagged
x's as these also enter the information set. The /4 function then becomes

XX, s oo Xy, @)

%) Bo=h{e_\, .. & p

or simply
h( = k(¢1~l:a)‘

This generalization will not be treated in this paper, but represents a simple
extension of the results. In particular, if the A function factors into

= h(e e € O ),

the two types of heteroscedasticity can be dealt with sequentially by first
correcting for the x component and then fiting the ARCH model on the
transformed data.

The ARCH regression model in (4) has a variety of characteristics which make
it attractive for econometric applications. Econometric forecasters have found
that their ability to predict the future varies from one period to another. McNees
[17, p. 52] suggests that, *“the inherent uncertainty or randomness associated with
different forecast periods seems to vary widely over time.” He also documents
that, “large and small errors tend to cluster together (in contiguous time peri-
ods).” This analysis immediately suggests the usefulness of the ARCH model
where the underlying forecast variance may change over time and is predicted by
past forecast errors. The results presented by McNees also show some serial
correlation during the episodes of large vanance.

A second example is found in monetary theory and the theory of finance. By
the simplest assumptions, portfolios of financial assets are held as functions of
the expected means and variances of the rates of return. Any shifts in asset
demand must be associated with changes in expected means and variances of the
rates of return. If the mean is assumed to follow a standard regression or
time-series model, the variance is immediately constrained to be constant over
time. The use of an exogenous variable to explain changes in variance is usually
not approprialte.
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A third interpretation is that the ARCH regression mode] is an approximation
to a more complex regression which has non-ARCH disturbances. The ARCH
specification might then be picking up the effect of variables omitted from the
estimated model. The existence of an ARCH effect would be interpreted as
evidence of misspecification, either by omitted variables or through structural
change. If this is the case, ARCH may be a better approximation to reality than
making standard assumptions about the disturbances, but trying to find the
omitted variable or determine the nature of the structural change would be even
better.

Empirical work using time-series data frequently adopts ad hge methods to
measure (and allow) shifts in the variance over time. For example, Kiein [15]
obtains estimates of variance by constructing the five-period moving variance
about the ten-period moving mean of annual inflation rates. Others, such as
Khan [14], resort to the notion of “variability” rather than variance, and use the
absolute value of the first difference of the inflation rate. Engle [10] compares
these with the ARCH estimates for U.S. data.

2. THE LIKELIHOOD FUNCTION

Suppose y, is generated by an ARCH process described in equations (1) and
(3). The properties of this process can easily be determined by repeated applica-
tion of the relation £x = E(Ex|¢)). The mean of y is zero and all auto-
covariances are zero. The unconditional variance is given by 62 = Ey? = Eh,. For
many functions A and values of a, the variance is independent of ¢r. Under such
conditions, y, is covariance stationary; a set of sufficient conditions for this 18
derived below.

Although the process defined by (1) and (3) has all observations conditionally
normally distributed, the vector of y 1s not jountly normally distributed. The joint
density is the product of ali the conditional densities and, therefore, the log
likelihood 15 the sum of the conditional normal log likelithoods corresponding to
(1) and (3). Let { be the average log likelihood and / be the log likelihood of the
tth observation and T the sample size. Then

7

=1
=L 3,

=1
(6)
[, =—14logh, —1y}/h,

apart from some consiants in the likelihood.
To estimate the unknown parameters «, this likelthood function can be
maximized. The first-order conditions are

a/, | on f y
7 'z—ﬁ_(?r“l}
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and the Hessian is
@ P S A Tl e [ ok
dada 2h% da da’} A A, da’ | 2h, da

The conditional expectation of the second term, given i, _,,_, 18 zero, and of the
tast factor in the first, is just one. Hence, the information matrix, which is simply
the negative expectation of the Hessian averaged over all observations, becomes

1 | Ok, oA,
9 =5 L g 1 2% 9%
@ Faa 2 ZTE[ h} do’ da

which is consistently estimated by

i, =Ls| L ok
10 4, 72[2113 PRET:

4

If the 2 function is pth order linear (in the squares), so that it can be written as
(an ho=ag+ oy (+ oty

then the information matrix and gradient have a particularly simple form. Let
z, = (1, yf_,, C ,yf_p} and o’ = (a9, @y, - - - .a,) so that (11) can be rewritten as

(12) h = z0.

The gradient then becomes simply

2
a1 X
a3 a 2k A’( h }
and the estimate of the information matrix

: (A _— _t._ - 2
(14) 5’&(\ 2T Z (."xzr/ht )

3. DISTRIBUTION OF THE FIRST-ORDER LINEAR ARCH PROCESS

The simplest and often very useful ARCH model is the first-order linear model
given by (1) and (2). A large observation for y will lead to a large variance for the
next period’s distribution, but the memory is confined to one period. If o = 0, of
course y will be Gaussian white noise and if it is a positive number, successive
observations will be dependent through higher-order moments. As shown below,
if @, is too large, the variance of the process will be infinite.

To determine the conditions for the process to be stationary and to find the
marginal distribution of the y’s, a recursive argument is required. The odd
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moments are immedijately seen to be zero by symmetry and the even moments
are computed using the following theorem. In all cases it is assumed that the
process begins indefinitely far in the past with 2r finite initial moments.

THEOREM 1: For integer r, the 2rth moment of a first-grder linear ARCH
process with ag > 0, @, 2 0, exusts if, and only if,

af HI(2j~ 1}y < 1.
=

A constructive expression for the moments is given in the proof.
PrROOF: See Appendix,

The theorem is easily used to find the second and fourth moments of a
first-order process. Letting w, = (', y2),

o) 2
E(unw,_l)=(3;°)+(3“1 6“@“l)w,w-

0 0 a,

\

The condition for the variance to be finite is simply that &, < 1, while to bave a
finite fourth moment it is also required that 3af < 1. If these conditions are met,
the moments can be computed from (A4) as

{ 3eg ” | — af }
(15)  E(w)= (1= a) || 1=3a]

Ay

1“‘0:,

The lower element is the unconditional variance, while the upper product gives
the fourth moment. The first expression in square brackets is three times the
squared variance. For « % 0, the second term is strictly greater than one
implying a fourth moment greater than that of a normal random vanable.

The first-order ARCH process generates data with fatter tails than the normal
density. Many statistical procedures have been designed to be robust to large
errors, but to the author’s knowledge, none of this literature has made use of the
fact that temporal clustering of outliers can be used to predict their occurrence
and minimize their effects. This is exactly the approach taken by the ARCH
model.

4 GENERAL ARCH PROCESSES

The conditions for a first-order Jinear ARCH process to have a finite variance
and, therefore, to be covariance stationary can directly be generalized for
pth-order processes.
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THEOREM 2: The pth-order linear ARCH processes, with aq> 0, a,. ., a,
> 0, is covariance stationary if, and only if, the associated characteristic equation
has all roots outside the unit circle. The stationary variance is given by E(_yf) =a,/

(l - 2f= | a/)'
Proar: See Appendix.

Although the pth-order linear model is a convenient specification, it is likely
that other formulations of the variance model may be more appropriate for
particular applications. Two simple alternatives are the exponential and absolute
value forms:

(16) b = exp{ag + a, /),
(17) b= ay+ |y,

These provide an interesting contrast. The exponential form has the advantage
that the variance is positive for all values of alpha, but it s not difficult to show
that data generated from such a model have infinite variance for any value of
a, # 0. The implications of this deserve further study. The absolute value form
requires both parameters to be positive, but can be shown to have finite variance
for any parameter values.

In order to find estimation results which are more general than the linear
model, general conditions on the variance model will be formulated and shown
to be implied for the linear process.

Let £ be a p X | random vector drawn from the sample space =, which has
elements &, =(¢,_,, ..., ) Forany ¢, let £* be identical, except that the mth
element has been muluplied by — 1, where m Jies between 1 and p.

DermviTion: The ARCH process defined by (1} and (3) 1s symmetric 1f
(a) h(&) = h(&) for any m and §eZ,
(b Bh(& )/ da, =dh(E}F) /e, for any m,i and £,ex,
() dh(§)/0%,_,, = ~3h(&r /3%, _,, for any m and €=
All the functions described have been symmetric. This condition is the main
distinction between mean and vanance maodels.

Another characterization of general ARCH models is in terms of regularity
conditions.

DermniTioN: The ARCH model defined by (1) and (3) is regular 1if
{(a) mink(§) > & for some § > O and £,ex,

(h) E([0h(%,)/da iR (&) /08—, [ {di—m-1) exists for all i,m, 1.
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The first portion of the definition is very important and easy to check, as 1t
requires the variance always to be positive, This eliminates, for example, the
log-log autoregression. The second portion 1s difficult to check in some cases, vet
should generally be true if the process is stationary with bounded derivatives,
since conditional expectations are finite if unconditional ones are. Condition (b)
1s a sufficient condition for the existence of some expectations of the Hessian
used in Theorem 4. Presumably weaker conditions could be found.

THEOREM 3: The pth-order linear ARCH model satisfies the regularity condi-

tions, if @y > Qand o, .. ., &, 2 0.

ProOF: See Appendix.

In the estimation portion of the paper, a very substantial simplification results
if the ARCH process js symmetric and regular.

5. ARCH REGRESSION MODELS

If the ARCH random variables discussed thus far have a non-zero mean,
which can be expressed as a linear combination of exogenous and lagged
dependent variables, then a regression framework js appropriate, and the model
can be written as in {4) or (5). An alternative interpretation for the model is that
the disturbances in a linear regression foilow an ARCH process.

In the pth-order linear case, the specification and likelihood are given by

Y | \{’/—— IMN(XHB: h[)
h

i

(18) &=y - xp,
[ 7

= —4logh, —1e/h,

13

- 2
=@yt o€+ -+ A€ ps

where x, may include lagged dependent and exogenous variables and an irrele-
vant constant has been omitted from the likelihood. This likelihood function can
be maximized with respect to the unknown parameters o and f3. Attractive
methods for computing such an estimate and its properties are discussed below.

Under the assumptions in (18), the ordinary least squares estimator of 3 1s stll
consistent as x and € are uncorrelated through the definition of the regression as
a conditional expectation. If the x’s can be treated as fixed constants then the
least squares standard errors will be correct; however, if there are lagged
dependent variables in x,, the standard errors as conventionally computed will
not be consistent, since the squares of the disturbances will be correlated with
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squares of the x’s. This is an extension of White’s [18] argument on heterosce-
dasticity and it suggests that using his alternative form for the covariance matrix
would give a consistent estimate of the least-squares standard errors.

If the regressors include no lagged dependent variables and the process is
stationary, then letting p and x be the T | and T X K vector and matnx of
dependent and independent variables, respectively,

E(ylx)= xp,

(19)
Var{ v | x) = a7,

and the Gauss-Markov assumptions are statisfied, Ordinary least squares is the
best linear unbiased estimator for the model in (18) and the variance estimates
are unbiased and consistent. However, maximum likelihood is different and
consequently asymptotically superior; ordinary least squares does not achieve the
Cramer-Rao bound. The maximum-likelihood estimator is novlinear and is
more efficient than OLS by ap amount calculated in Section 6.

The maximum likelthood estimator is found by solving the first order condi-
tions. The derivative with respect to £ 18

al, ex ( dh ¢
(20) E’E*TJrz—h,FE(h_,_l)'

The first term is the familiar first-order condition for an exogenous heierosce-
dastic correction; the second term results because %, is also a function of the 87s,
as in Amemiya [1]. Substituting the linear variance function gives

e,x,’_] &
S a{(h )

which can be rewritten approximately by collecting terms in x and ¢ as

al _ 1
en  H-13

b4
(22) éa_{_.:-_r[fzx;fr,:h!ﬁl_ Elah""]( 1+/_hl+j)}

&L, x/x | Ok, Ak, (€
ORI~ h 2p2 B AR\ h
_ 2ex; akh, fi el a_}i
WoaB o A aB" | 2k, 0f
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Taking conditiona) expectations of the Hessian, the last two terms vanish
because k, is entirely a function of the past. Similarly, ¢/ 4, becomes one, since it
is the only current value in the second term. Notice that these results hold
regardless of whether x, includes Jagged-dependent variables. The information
matrix is the average over all ¢ of the expected value of the conditional
expectation and is, therefore, given by

[ 8%,
(23) gﬂﬁ:_lf;E E( ,Jﬁaﬁ r";"r 1)]

_Lsplxn, 1 Ok
r2E 0 0 3

1 X, 1 9k, Bk, }

For the pth order linear ARCH regression this is consistently estimated by

14

(24) gﬁﬁ T E { h, 2202 ;J 1"1 r= J}
By gathering terms in x)x,, (24) can be rewritten, except for end effects. as
A P n
(25 Gy = _% E,\',’x,{k,_' +2¢] 2{ afh,;;}
? i=

1 ¢ 2
= 7 EX,X,!’I .
T !

In a similar fashion, the off-diagonal blocks of the information matrix can be
expressed as:

1 dh, Ok,
(26) $up = TEI: (Zh‘ da IR’

The important result to be shown in Theorem 4 below is that this off-diagonal
block is zero. The implications are far-reaching in that estimation of « and f can
be undertaken separately without asymptotic loss of efficiency and thetr vari-
ances can be calculated separately.

TueoREM 4: Jf an ARCH regression model is symmetric and regular, then
4,5 = 0.
5}

Proor: See Appendix.

6. ESTIMATION OF THE ARCH REGRESSION MODEL

Because of the block diagonality of the information matrix, the estimation of «
and B can be considered separately without loss of asymptotic efficiency.
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Furthermore, either can be estimated with full efficiency based only on a
consistent estimate of the other. See, for example, Cox and Hinkley [6, p. 308).
The procedure recommmended here is to initially estimate f by ordinary least
squares, and obtain the residuals. From these residuals, an efficient estimate of o
can be constructed, and based upon these & estimates, efficient estimates of 5 are
found. The iterations are calculated using the scoring algorithm. Each step for a
parameter vector ¢ produces estimates ¢'*' based on ¢' according to

P ) ai ~1 ] a!"
(27) 4) l'—¢' +[§¢¢} ?26‘5)

where § and al/ /a¢ are evaluated at ¢'. The advantage of this algorithm is
partly that it requires only first derivatives of the likelthood function in this case
and partly that it uses the statistical properties of the problem to tailor the
algorithm to this application.

For the pth-order linear model, the scoring step for « can be rewritten by
substituting (12), (13), and (14) into (27) and interpreting y? as the residuals e?.
The iteration is simply

(28)  «tl=a'+(FE TS

where
Z, = (l,e,g_l, . ,ef_p)/h,’,
T=(5,..., ),
f=(el— k)R,
fr=( - fr)

. 1s the residual from iteration 7, &/ is the esumated
conditional variance, and @’ is the estimate of the vector of unknown parameters
from iteration /. Each step is, therefore, easily constructed from a least-squares
regression on transformed variables. The variance-covariance matrix of the
parameters (s consistently estimated by the inverse of the estimate of the
information matrix divided by T, which is simply 2(3'2)~". This differs slightly
from 6%(£'5)" " computed by the auxiliary regression. Asymptotically, 42 = 2, if
the distributional assumptions are correct, but it 1s not clear which formulation is
better in practice.

The parameters in o must satisfy some nonnegativity conditions and some
stationarity conditions. These could be imposed via penalty functions or the
parameters could be estimated and checked for conformity. The latter approach
is used here, although a perhaps useful reformulation of the model might employ
squares to impose the nonnegativity constraints directly:

In these expressions, e

2

9 L

= 2 2.2 2
= oy +oaje_ |+ palem
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Convergence for such an iteration can be formulated in many ways. Following
Belsley [3], a simple criterion 18 the gradient around the inverse Hessian. For a
parameter vector, ¢, this is

_ar( ot T at
@9 % (8¢8¢’) ¢

Using # as the convergence criterion is attractive, as il provides a natural
normalization and as it is interpretable as the remainder term in a Taylor-series
¢xpansion about the estimated maximum. In any case, substituting the gradient
and estimated information matrix in (30), # = R? of the auxiliary regression.

For a given estimate of @, a scoring step can be computed to improve the
estimate of beta. The scoring algorithm for £ is

31 3"+‘=5f+[§ﬁﬁ}“%.

Defining £, = x,r, and &, = ¢,5,/#, with ¥ and & as the corresponding matrix and
vector, (31) can be rewritten using (22) and (24) and e, for the estimate of €, on
the ith iteration, as

(32) Bl = At (FR)IRE

Thus, an ordinary least-squares program can again perform the scoring iteration,
and (¥ %) from this calculation will be the final variance-covariance matrix of
the maximum likelihood estimates of A.

Under the conditions of Crowder’s [7] theorem for martingales, it can be
established that the maximum likelihood estimators & and £ are asymptotically
normally distributed with limiting distribution

VT(& — &) ——)N 0.9
- (4 (0.9 ),

IT(B—B) —>N(0 §54 ).

7. GAINS IN EFFICIENCY FROM MAXIMUM LIKELTHOOD ESTIMATION

The gain in efficiency from using the maximum-likelihood estimation rather
than OLS has been asserted above. In this section, the gains are calculated for a
special case. Consider the linear stationary ARCH mode] with p = | and all x,
exogenous. This is the case where the Gauss-Markov theorem applies and OLS
has a variance matrix a%(x'x)"'= EeX3,x/x,)"". The stationary variance is

= ay/(J — ).

The information matrix for this case becomes, from (25),

E[ Stxix, (b7 + 26k /02, )|
, ,
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With x exogenous, the expectation is only necessary over the scale factor.
Because the disturbance process is stationary, the variance-covariance matrix is
proportional to that for OLS and the relative efficiency depends only upon the
scale factors, The relative efficiency of MLE to OLS is, therefore,

R=FE(h '+ 2€,la,2/h,2”)az.
Now substitute h, = ay + a¢’_|, ¢° = ay/1 — a, and y = e /1 — a,. Recogniz-
ing that ¢> | and ¢ have the same density, define for each

u=ef(l - o}/ a .

The expression for the relative efficiency becomes

I+ 2 u?
34 R=F ——}\+2v'E —"—,
(34) (sz} Y —

(1 + yu')
where « has variance one and mean zero. From Jensen’s inequality, the expected
value of a reciprocal exceeds the reciprocal of the expected value and, therefore,
the first term is greater than unity. The second is positive, so there is a gain in
efficiency whenever y 7 0. Eu~? is infinite because u® is conditionally chi
squared with one degree of freedom. Thus, the limit of the relative efficiency goes
to infinity with v:

lim R— o0,

Yy
For @, close to unity, the gain in efficiency from using a maximum hkelihood
estimmator may be very large.

8. TESTING FOR ARCH DISTURBANCES

In the linear regression model, with or without lagged-dependent variables,
OLS 1s the appropriate procedure if the disturbances are not conditionally
heteroscedastic. Because the ARCH model requires iterative procedures, it may
be desirable to test whether it js appropriate before going to the effort to estunate
it. The Lagrange multiplier test procedure 1s jdeal for this as in many sumilar
cases. See, for example, Breusch and Pagan (4, 5], Godfrey [12], and Engle [9].

Under the null hypothesis, a, = o, - - - = &, = 0. The test is based upon the
score under the null and the information matrix under the null. Consider the
ARCH model with % = /i(z,a), where % i1s some differentiable function which,
therefore, includes both the lincar and exponential cases as well as lots of others
and z,=(l,e2_,, ..., ef_P) where e, are the ordwary least squares residuals.
Under the null, &, is a constant denoted h°. Writing 3k, /da = h'z], where 4’ 1s

10875



Workpaper 14
Page 15 of 22

1000 ROBERT F. ENGLE

the scalar derivative of 4, the score and information can be written as

Ao B0
= Zl— - )= 2’f%,
da ‘0 24° z;: r(h(' ) 2h° /
2
o _L{H\ g
gaa 2( }ZO ) Z,

and, therefore, the LM test statistic can be consistently estimated by
(35) &= %fo'z(z'z)ulz’ 0

where z' = (2}, . ... 27}, f° is the column vector of

62
(2.)

This is the form used by Breusch and Pagan [4] and Godfrey [12] for testing for
heteroscedasticity. As they point out, all reference to the A function has dis-
appeared and, thus, the test is the same for any A which is a function only of z,o.

In this problem, the expectation required in the information matrix could be
evaluated quite simply undec the null; this could have superior finite sample
performance. A second simplification, which is appropriate for this model as wel
as the heteroscedasticity model, is to note that plim f¥f°/ 7' = 2 because normal-
ity has already been assumed. Thus, an asymptotically equvalent statistic would
be

(36) S= TfO’z(:Z'Z)—lz’ O/ o;fo = TRI

where R” is the squared multiple correlation between f° and z. Since adding a
constant and multiplying by a scalar will not change the R? of a regression, this
is also the R* of the regression of e’ on an intercept and p lagged values of e/
The statistic will be asymptotically distributed as chi square with p degrees of
freedom when the null hypothesis is true.

The test procedure is to run the QLS regression and save the residuals. Regress
the squared residuals on a constant and p lags and test TR* as a x; . This will be
an asymptotically locally most powerful test, a characterization it shares with
likelithood ratio and Wald tests. The same test has been proposed by Granger
and Anderson [13] to test for higher moments in bilinear time series.

9. ESTIMATION OF THE VARJANCE OF INFLATION

Economic theory frequently suggests that economic agents respond not only to
the mean, but also to higher moments of econonmuc random wvariables. In
financial theory, the variance as well as the mean of the rate of return are
determinants of portfolio decisions. In macroeconomics, Lucas [16], for example,
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argues that the variance of inflation is a determinant of the response to various
shocks. Furthermore, the vanance of inflation may be of independent interest as
it is the unanticipated component which is responsible for the bulk of the welfare
Joss due to inflation. Friedman [11] also argues that, as high inflation will
generally be associated with high variability of inflation, the statistical relation-
ship between inflation and unemployment should have a positive slope, not a
negative one as in the traditional Phillips curve.

Measuring the variance of inflation over time has presented problems to
various researchers, Khan [14] has used the absolute value of the first difference
of inflation while Klein [15] has used a moving varance around a moving mearn.
Each of these approaches makes very simple assumptions about the mean of the
distribution, which are inconsistent with conventional econometric approaches,
The ARCH method allows a conventional regression specification for the mean
function, with a variance which is permitted to change stochastically over the
sample period. For a comparison of several measures for U.S. data, see Engle
[10].

A conventional price equation was estimated using British data from 1938-11
through 1977-11. It was assumed that price inflation followed wage increases;
thus the model is a restricted transfer function.

Letting p be the first difference of the log of the quarterly consumer price
index and w be the log of the quarterly index of manual wage rates, the model
chosen after some experimentation was

(37) p=Bip_tBp_at Bp s+ Byp—w)_ + fs

The model has typicai seasonal behavior with the first, fourth, and fifth lags of
the first difference. The Jagged value of the real wage 1s the error correction
mechanism of Davidson, et al. [8], which restricts the lag weights to give a
constant real wage in the Jong run. As this (s a reduced form. the current wage
rate cannot enter.

The least squares estimates of this model are given in Table I. The fit is guite
good, with less than 1 per cent standard error of forecast, and all 7 statistics
greater than 3, Notice that p_, and p_ 4 have equal and opposite signs, suggesting
that it is the acceleration of inflation one year ago which explains much of the
short-run behavior in prices.

TABLEI
ORDINARY LEAST SQUARES (36)*
Variable P P 4 P_s (p—w)_( Canst ag (X 1079 o)
Coeff. 0.334 (408 — 0.404 — 0.0559 0.0257 2] 0
St Err. 0.103 Q.110 0.L14 0.0136 0.00572
¢ Stat, 3.25 in 3.55 4.12 4.49

¢ Dependent variable p = log(P) ~ log(P - ) where F s quarterly U K consumer price index w = lag( ##’)
where ##71s the U K. index of manual wage rates. Sample period 1958-[1 to 1977-[L
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To establish the reliability of the model by conventional criteria, it was tested
for serial correlation and for coefficient restrictions. Godfrey’s [12] Lagrange
multiplier test, for serial correlation up to sixth order, yields a chi-squared
statistic with 6 degrees of freedom of 4.53, which is not significant, and the
square of Durbin’s & is 0.57. Only the 9th autocorrelation of the least squares
residuals exceeds two asymptotic standard errors and, thus, the hypothesis of
white noise disturbances can be accepted. The model was compared with an
unrestricted regression, including all jagged p and w from one quarter through
six. The asymptotic F statistic was 2.04, which 1s not significant at the 5 per cent
level. When (37) was tested for the exclusion of w_ through w_,, the statistic
was 2.34, which is barely significant at the 5 per cent but not the 2.5 per cent
level. The only variable which enters significantly in either of these regressions is
w_g4 and it seems unattractive to include this alone.

The Lagrange multiplier test for a first-order Jinear ARCH effect for the model
in (37) was not significant. However, testing for a fourth-order linear ARCH
process, the chi-squared statistic with 4 degrees of freedom was (5.2, which is
highly significant. Assuming that agents discount past residuals, a linearly
declining set of weights was formulated to give the model

(38) h, = a,+ a1(0.4£f_, + 033, + 0263 5+ 0.1612,4)

which is used in the balance of the paper. A two-parameter variance function
was chosen because it was suspected that the nonnegativity and stationarity
constraints on the &’s would be hard to satisfy in an unrestricted mode]. The
chi-squared test for a; = 0 in (38) was 6.1, which has one degree of freedom.

One step of the scoring algorithm was employed to estimate mode] (37) and
(3R). The scoring step on o« was performed first and then, using the new efficient
&, the algorithm obtains in one step, efficient estimates of . These are given in
Table 11. The procedure was also iterated to convergence by doing three steps on
a, followed by three steps on §, followed by three more steps on «, and so forth.
Convergence, within 0.1 per cent of the final value, occurred after two sets of o
and f steps. These results are given in Table 111

The maximum likelthood estimates differ from the least squares effects primar-
ily in decreasing the sizes of the short-run dynamic coefficients and increasing

TABLEII

MaxpsuM LIKELIROOD ESTIMATES OF ARCH Mobet (36) (37)
ONE-STEP SCORING EstTimates?

Varahle Py Poa pos (p—wi_, Caonst. ag (¥ 1075 a
Coeff. 0.210 0.270 — 0334 — 0.0697 0.0321 19 0,846
St. Exr. 0.110 0.094 0.109 a.00? 0.00498 14 0.242

t Stat. 1.90 2.86 3.06 5.98 6.44 1.32 349
*Dependent variable p = logt ) — logl P _ ) where P 5 quarterly U K. consumer price index. w = lag{ #) where

W ois the U K ndex of manual wage rates, Sample periad 1958-T1 to 197711,
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TARLE 1]

Maxmvum LikeLtHooD EstiMaTes OF ARCH MoaptL (36) (37)
[TERATED ESTIMATES

Variables P P pos (p— 1wy, Canst ag (<1079 @
Coeff. 0162 0.264 —0.325 ~0.0707 0.0328 14 0.955
st Err. 0.108 0.0892 0.0987 0.0115 0.00491 8.5 0.298
¢ Stat. 1.50 2.96 3.29 6.17 6.67 |.56 3.20

> Dependent variable p = lag(P) — log( £ _ () where P 1s quacterly U K consumer price ndexn w = log( W} where W
s the U K index of manual wage rates Sample period (938-11 te 1977-11

the coefficient on the long run, as incorporated in the error correction mecha-
nism. The acceleration term is not so clearly implied as in the least squares
estimates. These seem reasonable results, since much of the inflationary dynam-
jcs are estmated by a period of very severe inflation in the middle seventies,
This, however, is also the period of the largest forecast errors and, hence, the
maximum likelihood estimator will discount these observations. By the end of the
sample period, inflationary levels were rather modest and one might expect that
the maximum likelihood estimates would provide a better forecasting equation.

The standard errors for ordinary Jeast squares are generally greater than for
maximum likelihood. The least squares standard errors are 15 per ceat to 25 per
cent greater, with one exception where the standard error actually falls by 5 per
cent to 7 per cent. As mentioned earlier, however, the least squares estimates are
biased when there are lagged dependent variables. The Wald test for «; =0 Is
also significant.

The fina} estimates of h, are the one-step-ahead forecast variances. For the
one-step scoring estimator, these vary from 23 X 107 t0 481 x 107% That is, the
forecast standard deviation ranges from 0.5 per cent to 2.2 per cent, which 15
more than a factor of 4. The average of the A, since 1974, is 230 X 1079, as
compared with 42 X 1079 during the last four years of the sixties. Thus, the
standard deviation of inflation increased from 0.6 per cent to 1.5 per cent over a
few years, as the economy moved from the rather predictable sixties into the
chaotic seventies.

In order to determine whether the confidence intervals arising from the ARCH
model were superior to the least squares model, the outliers were examined. The
expected number of residuals exceeding two (conditional) standard deviations is
3.5. For ordinary least squares, there were 5 while ARCH produced 3. For least
squares these occurred in '74-1, *75-1, "75-11, *75-1IV, and *76-1I; they all occur
within three yvears of each other and, in fact, three of them are in the same vear.
For the ARCH model, they are much more spread out and only one of the least
squares points remains an outlier, although the others are stil] large. Examining
the observations exceeding one standard deviation shows similar effects. In the
seventies, there were 13 OLS and 12 ARCH residuals outside one sigma, which
are both above the expected value of 9. In the sixties, there were 6 for OLS, 10
for ARCH and an expected number of (2. Thus, the number of outliers for
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ordinary least squares s reasonable; however, the timing of their occurrence is
far from random. The ARCH model comes closer to truly random residuals after
standardizing for their conditional distributions.

This example illustrates the usefulness of the ARCH model for improving the
performance of a least squares model and for obtaining more realistic forecast
variances.

University of California, San Diego

Manuscript received July, 1979; final revision received July, 1981.

APPENDIX
Proor of TaeoreM |: Let
(A2) W= (W y 20T ),
First, it is shown that there 1s an upper triangular » X r matrix A and » X { vector & such that
(A2) E(w/ 1} =+ Aw .

For any zero-mean normal random variable u, with variance o2,

p
Ey=a" [ - 1)
il

Because the conditional distribution of y 15 normal

(A3) E()’rzm [ - l) = hrzm H (-1
Fe

m
= (o, y7 s + ) H1 2/~ 1)
/=

Expanding this expression establishes that the moment is a hnear combination of w,_; Furthermore,
only powers of y less than or equal lo 2m ate required, therefore, A in {A2) is upper tnangular
Now

EQw ¢, o) =b+ Alb + Aw ;)
or in general
EW d,_ =@+ A+ A"+ -+ A v Ahw, .

Because the series starts indefinitely far in the past with 2r finite moments, the limit as & goes to
infinity exists if, and only if, all the cigenvalues of A lie within the unit circle.
The limit can be written as

lim EQw,|,_g) = (/= A)'b,

f=»o0
which does not depend upon the candiianing varables and does not depend upon +. Hence, this s
an expression for the statiopary moments of the uncondinenal distribution of v.

(A4) E(w)y=({—A)"'b.
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Tt remains only 1o establish that the eondition tn the theorem is necessary and sufficient to have all
eigenvalues lie within the unit circle. As the matrix has already heen shown to be upper triangular,
the diagonal elements are the eigenvalues. From (A3), (t 15 seen that the diagonal elements are simply

" "
aP [/ - =l a2 -1y=34,
s=1 =1
form=1....,r U 8 exceeds or equals unity, the eigenvalues do naot lie in the unit circle. Tt must

alsa be shown that if 4, < 1, then 8,, < 1 for all m < r. Notice that 8, is a product of m factors which
are monotonically increasing. If the mth factor is greater than one, then 6, will necessarily he
smaller than 8,,. If the #tth factor 1s [ess than one, all the other factors must also be less than one and,
therefare, 4, _, must also have all factors less than one and have a value less than one. This
establishes that a necessary and sufficient condition for all diagonal elements to be less than one is
that 8, < 1, which is the statement in the theorem. Q.ED.

Proor oF TueoreM 2: Let
wi =yl o )
Then in terms of the companion matrix A,
(AS) E(w, [, ) =b+ Aw,_,

where b" = (ay,0,.. ., 0)and

ap ay a, 0
A=]1 @ 0 0
g 1 0 0
g 0 ]

Taking successive expectations

E(w, |4, =0+ A+ 42+  + 4Nt ar _ .

Because the series starts indefinstely far in the past with finite variance, if, and only if, all eigenvalues
lie withtn the unit circle, the limit exists and is given by

(A6) lim E(w,|¢,_,)=—A4)""5

Koo
As this does not depend upon ntial conditions or on ¢, this vector is the common variance for all ¢
As is well known in time series analysis, this condition is equivalent to the condition that all the roots

of the characteristic equation, (ormed from the «’s, lie outside the unit circle. See Anderson {2, p.
{77]. Finally, the limit of the first element ean he rewritten as

P
(AT) Ep} = ao/(] -3 a')), O E.D.

4=

ProoF ofF TuEorEM 3: Clearly, under the conditions, A(Z,) > a4 > 0, estabhishing part (z). Let

by = E(8R(E) /A 30083 /85, |2 1)

i

2“m£(l£(—r|2|€l—m|¢/—m—l)'

Now there are three cases; i >m, i=m, and i<<m f 1> m, then £ _, S, _, ., and the
conditional expectation of [£ _ | is finite, because the canditional density is normal. If i = m, then
the expectation becomes E(|%,_ [ [, _,._ ). Again, because the conditional density is normal, all
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maments exist including the expectation of the third power of the absolute value. Jf { « m. the
expectation is taken in two parts, fust with respect to ¢ — § — |:

¢r.m.l=2&mE{lél—m|E(gI2—a|¢(—1~7)|¢f—m—|}

2
=2ﬂm£{|£{—m,a0+ zlﬁiigtl-i——))l‘}"r—m—l}
! ;=

Y
=20,00F (& |y} ¥ 2[“;¢’r+1\m.:’
KA

In the final expression, the imual index on ¢ is larger and, therefore, may fall into either of the
preceding cases, which, therefore, establishes the existence of the term. If there remain terms with
f+ t < m, the recursion can be repeated. As all lags are finite, an expression for ¢, ,, , can be written
4% a constant times the third abselute moment of £, _,, conditional on i, _,, _ . plus another constant
times the first absolute moment. As these are both conditionally narmal, and as the constants must be
finite as they have a fimte number of terms, the second part of the regulanty condition has been
established Q.£.D.

Ta estabhish Theorem 4, a careful symrmetry argument 15 tequired, beginnmng with the following
lemma.

Lemda: Le¢ u and v be any twa random variables. E(g{u, 0)| v) will be an anti-symmetric function
of v if g is andi-spymmetric in v, the conditional density of u[ v ts symmetric in v, and the expectation
existy,

ProoE:
E(glu, —0)[ ~0)= — E(g{u,v}| -0} because g is anti-symmetricin
= — E(g(y,0)| v} because the conditional density is symmetric.
Q.E.D.

Proor oF THEOREM 4: The |, ; element of £, is given by

{ 1 A, DA
Py =gl b 280
(e )" lT; (:‘12 da, 45

a4, ok
= - 2]—7" > E[ h% &r: ae_;u"i’i-ﬂl] by the chain rule.
r + -

Ll

If the expectation of the term in square brackets, conditonal on , _ .., 15 2ero for all i, y, ¢, then
the theorem is proven

g | 8k DA g LYY} '
E Eﬂ(—‘ mxﬁ_nﬂ‘%—mq ":"_;,_,,, h_‘.l 3—(;: af:-m |4"J——m—1)

because x,_ 1s either exogenous or it is a lagged dependent variable, m which case 1t is included in

"Pr—m—l‘
| Ok, dh P KL a4,
IE(E 3_0’ ac’_m |4’l—ﬁ1—1 _.\E h_} a_d, ’EE [’Lr-—mrl
]|
SRR\ T
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by part {a) of the regularity conditions and this integral 1s finite by part (b) of the condition. Hence,
each term is finite. Now take the expectation in two steps, first with respect to o, _,, . This must
therefore also be finite,

| dh, BA
E a_L‘il a(, -

I%-m) =gle_,.).

By the symmetry assumption, 4" is symmetric in ¢,_ ., 3k, /3¢, _,, is anu-symmetric. Therefore,
the whole expression is anti-symmetric in € _,,, which is part of the conditioning set §, _,, Because i
15 symmetric, the conditional density must be symmetric 10 ¢,_,, and the lermma can be invoked to
show that g(e,_ .} is anti-symmetric.

Finally, taking expectations of g conditional on ,_,, _ gives zero, because the density of ¢,
conditional on the past is a symmetric (normal} density and the theorem 15 established. Q.ED.
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20-Year vs. 30-Year Treasuries

fhe S eacwry penodical'y changes the maitintes 1hat id.scues For example, o Apnl 14986 ¢

US Treasury storped ssoamig 20 year Tressues and from Caichar 20010 hroagh January 2006
the LS Treaswry did not issdge 30 year bonds gt esamed ssung S0 vear lhieasdty bonds n

February 2006), ma«ang the 10 vear nond he io:“uqegt terim piewndry secu ity 1ssued over the

acieber 200 - Janus vy JCT6 perod Most ree grdanuary 16 220 tne U S Departimen of the

Treasuy ansounced ©nans 10 issue a 2&ye¢u somimal coanos ond mn the fust el o chenda
iy P r - N A N

year 70720 e fisttime a 20-year matunily wll he offered since March 1986 ©

Cur methodology for estimaung the long-honzen equity sk pren o any maxes use of e mcome

relumiona /0 year easary ho ad Wnile 3 3C vear bond s ineoretically moie Corect when dealing
vt the long-term nature of husmess valuation, | 30 year Tieasury secuwiyes have an wsuance
his.oty that s on-agam-off agarn hbotsor Assocates creates a setes of etrng usmg bonds on
the market w1 avproximately 70 years to maturnty because “reasury bonds of e matunty are
avalable over a leng history, whie Treasury bonds of 30-years ate ot

income Return

Anomer posit 1o keep Lrmind when calculatng the ecuity nek orenuumiis 1at e nconie telJin on
the apurepaate honzon 'reasury secu iy rathes than the total retan, s used 1 the caloalalion

The total 1eturn comprises three  eturn Comipanents the ncome reiun tie capital appreciaton
eturn, and the e nvesiment "etarn The income seturr s detmed as the nort-on of the lolal 1etun
that results Trom a penodic cash flow or i the care e bond counon paviment "hoe capita
aspreciation et noesults o e price enange of a hond over o coec e nenod Bond prices
generally change in reacuon to unexpected fluctuations m yiclds Henvestment reluin & the tewurn
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ooposed 10 geomiethc average ask sremins The a thimel ¢ 3w 308 8Guty 1Sk preramy can De
Aderionstated 1o he 1noct o rd oarate wWHet dIseounting T rste 0580 awe [oruse a5 the ey oectied
eguty s A 1 eiter the CARPM o the bu ding Block anse arh the arthmer oimean o the
cirvy'e ditference of hie antbmenc means of stock market cuens and nskless rotes 1o the relevant

nenber

€2y N P o 1
O o] o Yoo Do bareie gl b i e e T el e ey e
A L O I R | O L TR o P AP S (R SR e D T LN I I B e I I NN P2 £ 1
et g W cann e e e Noter Tooe GE e o bt LR e o o ks b s ter o et
DEr o s e o e cen plafarmy o Do ot A el T aga et e Do ey e et acs [asnca e e
oot prc oo S g the Cont ot Cop tal Gy IMpUBent o e o0 ahetyos T Dot ap TNy gater oo
fee Db T T S S N I A T ) S A AN O Dt R A A LA SR TR IR L SIS UNNRNT Rt B FIVAUR (TR W TN
Nycee ol Al e SUeNtnes B o ey
. ~al [Deta s P - P B P E SN I S TRV -
-z Chapier 10 Uang Histencal Rata © Wealth Forecssrng and Bortfoho Optiizand

o Sovm——

10890



Workpaper 17
Page 1 of 11

The Market Risk Premium:
Expectational Estimates Using
Analysts’ Forecasts

Robert S. Harris and Felicia C. Marston

Using expeciational duta from fmancral analyses we cstumate a market eisk prenunm for 1S stocks
Usang the S&E 300 av a proy fon the market portfolio, the average marhet risk preman o found o e
T above vaelds on long-tcrm US government honds over the perrod FON2-1995 This 1isk preatum

varies over ame much of this vanation can be explancd by caher the level of mterost rates o veadih

available forward-locking provies for vish The market vish prenanm appears to move pnersely wih

government nterest rates suggesting that reguoed ronns on stocks are more stable than mrerest

rates themvelves [JEL G G 12)

Bhe notion of a market nisk prenum (the spread
between imvestor requured returns on safe and average
tish assets) has long played a central role in finance It
15 i kev lactor i asset allocation decisions to determine
the portfolio min of debt and cquity mstiuments,
Morcover, the market rish prenmium plays a eritical role
i the Capital Asset Prcmg Model (€ APM), the most
widely used means of estimating equity hurdle rates by
practitioners fnrecent years. the pracucal aignificance
of estimating such a market premmum has increased as

firms, financial anabysts and myvestors employs financial
frameworks 10 analy ze corporate and mvestment
petformance  Foranstance, the mcicased use of
Leonomre Value Added (TVA ) 1o assess corporate
performance has provided 4 new mipetus for estimating
capital costs

The most prevalent approach to estimating the maiket
rish premium relies on some average of the historical
spread between returns on stochs and bonds - This

Robert S Haros s the € Steseat Sheppand Protassor of Business
AVdmmistration and Feliona €

at the Unversity o Virgimaa, Charlottessille VA 22906

Aanston ivan Assocrate Protossor

Phe authors thaek Tok Benrod an anenvimoens seviener  and
suiar partiopants at the Lnnversity o Narponis he
Uavarstty af Connuebicat and at the SO Tor comments
Phanks to Darden Sponsors, TV AL the Walker Tanmnly Fund
amd NMctntie Assoaates dor suppart of th s rescarch and 1o
TBES Ane for suppbving data

choice has some appealing characteristies but s
subject to many arbitrary assumputons such as the
relevant pertod for takimg an average Compounding
the difficulty of using historical returny 1s the well
noted fact that standard medels of consumer choice
would predict much fower spreads between equiny and
debt returns than have occurred in US markets  the
so called equity risk premium puszle (see Welch, 2000
and Sregel and Thaler, 1997y Inaddition. theory calls
for o torward-fooking nisk premum that could well
change over tune

Ihis paper takes an alternate approach by usimg
expectational dati to estimate the market risk premum.
The approach has two major advantages ton
practtioners birsto ir provides an independent
estimate that can be compared to historieal averages
At a mummmum, this can help m understanding hkely
ranges for rish prenna Second. expectational data aliow
mvestigation of changes i tish premia over ime Such
HIME Vaplabions 10 sk premta seive as important signals
from imvestors that should aftect a host ol financial
decistons This paper provides new tests of whethes
changes mrisk prenviaover tune are iinked to forw aid-
lookmg measures o rish Specifically, we look at the

Bronoe Fades Haros and Heggims (199N provide sunvey
cvrdence on both teathook wdvice and practitioner methods
for ostiuing capital costs AS testamant 1o the atarhor tor
cost ol vapita! Gatimates Thhotson Assocndes 11995 publishes
1O oSt o Caprtar Quartor s
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HARRIS & MARSTON—THE MARKET RISK PREMIUM

relationship between the tish prenmuum and tour ei-
ante measures of sk the spread between vields on
corporate and government bonds, consumer sentiment
about future cconomic conditions, the average level
ol dispersion across analysts as they forecast
corporate earmings. and the mmplied volatility on the
S&PS00 [nden dernved from options data

Section | provides background on the estimation of
cquity requied returns and a briet discussion of

current practiee m estimating the market risk premium
In Scction 1. models and data are discussed. Following
a comparison ol the results to historical returns
Section [ we examine the ime-series characteristics
of the estimated market premium n Scction 1V Fmally.
conclusions are offered in Section V

1. Background
T'he notion of a "market” required rate of return 1s a

convemenl and widely used construct Such a rate (4)
is the minimum level of expected return necessary to

compensate mvestors for bearing the average risk of

cquity nivestments and recenving dollars in the future
rather than i the present. In genceral. A will depend on
returns avaable on alternative investments (e g .
bonds). To solate the eftects ol risk. 1t s usetul to
work in terms of a market nsk premium (rp). defined as

rpc Ao h

where o - required return for a zero risk imvestment
Lacking a superior alternative. mvestigators often
use averages of historreal realizations to estimate a
market risk preminm Broner. Eades. Harns and Higgins
(1998 provide recent survey results on best practices
by corporations and financial advisors While alimost
all respondents used <ome average of past data in
estimating a market risk premium. a wide range of
approaches emerged “Whide most of our 27 sample
companies appear to use a 60 year historical pernod
to estimate retuins, one eited a window of less than
ten yeats, two crted windows of about ten years, one
began averagimg with 1960, and another with 1952 data™
(p 22) Some used anthmetic ayerages, and some used
geometiie  This historical approach requires the
assumptions that past realizations are a good surrogate
for future expectations and. as typically applied. that
the rish premruum s constant over time, Carleton and
Lakonishok £ 1985) demonstrate empirically some of the

problems with such histonical premia when they are

disaguregated for different time periods or groups of

firms Sicgel (1999) aites addittonal problems of using
istortcal retwrns and argues that equity prenum
esttmates trom past data are hkely too high As Brunes
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et al (1998) pomnt out. few respondents cited use of
eapectational data to supplement or replace historical
returns i estimating the market prenium

Survey evidence also shows substantial vanation
in empirical estimates When respondents gave a
precise estimate of the market premium. they cited
figures from 4% to over 7% (Bruner ct al . 1998). A
quote from a survey respondent ighlights the range
m practice. “n 19930 we polled various investment
banks and academic studies on the issue as Lo the
appropriate tate and got anvwhere between 2 and 8%,
but most were between 6% and 7 4%.7 (Bruner ct al |
1998) Annformal sampling of current practice also
reveals farge differences i assumptions about an
appropriate market prenuum Por imstance, moa 1999
application ol EVA analy<is, Goldman Sachs
Invesument Research specifies a market risk premium
of 3% from 1994-1997 and 3.5% from 1998-1999): for
the S&P Industrials™ (Goldman Sachs. 1999). At the
same tme, an Apnl 1999 phone call to Stern Stewart
revealed that therr own application of EVA typically
emploved a market nisk premium of 6%, Inats application
of the CAPM. Ibbotson Associates (1998) uses a market
risk premium of 7 8%. Not surprisigly. academies do not
agree on the nisk premium either. Weleh (2000) surveyed
leading financial economists at major universities, Fora
20-vear horizon, he found a mean risk premium of 7.1%
but a range from 1.5% to 15%6 with an imterquartile range
of 2 4% (based on 220 responses)

To provide additional msight on estimates of the
marhet premium. we use publicly available
cypectational data This expectational approach
cmploys the dividend growth model thereafter referred
to as the discounted cash flow (DCT) model) in which
a consensus measure of Nnancial analysts” forecasts
(I AF)y of carmings 1s used as a proxy for investor
evpectations Larlier work has used FAF in DCEF models”
but generally has covered a span of only a few years
due to data avanlabality

Il. Models and Data

The simplest and most commonly used version of

the DCEF modebis employed to estimate sharcholders’
required rate of return A as shown i Equation (2)

See Mathicb (1082 Bugham, Vinson and Shome (1985,
Haros (1986) and Harees and Marston (1992 The DO
approach with analvsts’ forecasts has been used hrequenthy an
tegulatory setiings Thbolson Associates (1998} use a vanant
at the DT model wath forward-tookmye growth rates, howeser,
they do this as o separate techmgoe and not as part of the
CAPNM Far thar CAPN estiraates, they use historead aserages
tar the marhet risk premaun
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where D) - dividend per share expected to be received
attime one, /7, current price per share (time 0), and g
- enpected growth rate in diadends per share.” A
primary difficulty in using the DCF mode! 1s obtaiming
an cestimate of g, since it should reflect market
eapectations of future perlormance. This paper uses
published FAF of long-run growth i carnings as
proxy for g Lquation (2) can be applied for an
individual stock or any portfolio of companies We
focus primarily on its application to estimate 3 market
premuum as proxied by the S&PS00.

FAF comes from IBES Inc The mean value of

mdividual analysts” forecasts of five-year growth rate
in EPS s used as the estimate of g in the DCF mode!
Ihe five-year horizon is the longest hortzon over which
such forecasts are available from IBES and often is the
longest harizon used by analysts. 1BES requests
“normalized™ five-year growth rates from analysts in
order to remove short-term distortions that might stem
from using an unusually high o1 low carnings vear as
a base Growth rates are available on a monthly basis

Dividend and other firm-specific informanon come
from COMPUSTAT. D s esumated as the current
indicated annual dividend umes (/1 g) Interest rates
(both government and corporate) are fiom Federal
Reserve Bulletuns and Moodv's Bond Record Exhibit |
describes hey variables used in the study Data arce
used for all stocks m the Standard and Poors 500
stock (S&PS00) indea followed by IBES Since five-
vear growth rates arc tirst available from 1BES beginning
m 1982, the analysis covers the pertod from January
1982-December 1998,

The approach used 1s generally the same approach
as used m Harris and Marston (1992) For each month,

Qur methods tollow Harns (1986 and Hatnis and Marston
19Uy who discoss carhier rescarch and the approach emploved
here, mcluding comparisons of smgle versus multistage giowth
modets Since analysts” forecast growth m carnimgs per share,
therr projections should muorporate the anticipated eltects of
share repurchase progrinms Dividends per share would grow at
the same rate as FPS as long s companies mandge & constant
ratio of dividends to carnings on 4 per share bavus Based on
SEPSOD gares (see the Swndard and Poor's webae for thor
proceduresy, the tabo of DPS 10 EPS was ST duning the peniod
FOK2-R9 and  S2 for the period 199095 Lamdin (2001)
discusses some issues 0l share tepurchases desiroy the
cquivalence ol 1PN and PPS growth rates  Theoreteally, s a
tish-free rate, though it empineal provy s ondy g deast rish™
alternatine that v iselt subject o tsh For instance, Asness
(2000 shows that over the 19901998 pertad bond volatiliny
fin manthly reabized returns) has mcrcased relative o stock
volatthiy, which would be consistent with a drop s the equity
mathet premung
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a market required rate of return 1 calculated using
vach dividend-paying stock m the S&PS00 index for
which data are avalable As additional screens for
rehability of data, v a given month we chiminate a firm

1t there are fewer than three analysts™ forecasts or if

the standard deviation around the mean forecast
exceeds 20%. Combined. these two sereens ehiminate
fewer than 20 stocks o month Later we report on the
sensitivaty of the results 10 various screens The DCE
maodel in Equation (2)1s apphed to cach stock and the
results werghted by market value of equity to produce
the market-required return The nisk premium s
constructed by subtracuing the interest rate on
government bonds

We weighted 1998 resubis by vear-end 1997 market
values sinee the monthly data on market value did not
extend through this period Simce data on firm-spectfic
dividend yields were not avardable for the last tour
months of 1998 at the time of this study. the market
dividend yield for these months was estimated using
the dividend yield reported in the Wall Street Journal
scaled by the average ratio of this figure to the
dividend yield for our sample as calculated in the first
cight months of 1998, Adjustments were then made
using growth rates from IBES to calculate the market
required return. We also esumated results using an
average dividend yield for the month that employed
the average of the price at the end of the current and
prior months These average dividend vield measures
led to sinular regression cocefficients as those reported
tater i the paper.

For short-term honizons (quarterly and annual). past
rescarch (Brown, 1993) finds that on average analysts”
forecasts are overly optimistic compared (o
realizations However, recent rescarch on quarterly
horizons (Brown, 1997) suggests that analysts’
torecasts for S&P300 firms do not have an optimistic
bras for the perrod 1993-1996 There 1s very hitle
rescarch on the properties of Nyve-year growth
forecasts, as opposed to shorter horzon predicuions.
Bocbel (1991) and Boebel. Harris, and Gultekin (1993)
exanune posstble bias i analysts” five-vear growth
rates - These studies find evidence of optimismin IBES
growth forecasts In the most thorough study to date.
Bocebel (1991) reports that ths bias seems to be getting
smaller over ume His forecast data do not extend into
the 1990s

Analvsts” optimism, of any. 1s not necessatrly a
problem for the analysis i this paper. I[f mvestors share
analysts” views, our procedures will stitl yield
unbrased estimates of required returns and rnish premia
In hght of the possible bias. however, we interpret the
estimates as “upper bounds™ for the murket premium

This study also uses four very different soutces to
creale ox ante measures of equity risk at the market
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Expected dividend per shate measured as cunrent mdicated anneal

\verage financial analvsts” torecast ot five-year prowth rate in carnmgs

Yield wo mauity on long-term LS government obligations isource

A = Equity required rate seturn
P, = Price per share
n, =

dividend trom COMPUSTA T mutuphed by o + 2
¢ =

per share (from IBES)
1 E

Fedetal Reserve, 30-year constant matunty series)
" = Lguuty risk prenmum caleulated asop = L

BSPREAD

spread between vields on corporate and gosernment bonds, BSPREAD =

yield o maurty on long-term corporate bonds (Moody s average actoss bond rating categonies)

nnnus

Monthly consumer confidence mdex reported by the Conference Bourd

CON =

tdivided by 100)
DISP = Dispersion of analysts” torecasts at tie mathet fevel
VO =

level. The first proxy comes from the bond market and
is calculated as the spread between corporate and
gosernment bond yiclds (BSPREAD). The rativnale 15
that increases in this spread signal investors’
perceptions of inereased nskiness of corporate activity
that would be translated to both debt and equity
owners The second measure, CONL is the consumer
confidence index reported by the Conference Board at
the end of the month While the reported index tends
o be around 100, we rescale CON as the actual index

divided by 100 We also examined use of CON as of

the end ol the prior month: however, m regression
analysis, this lagged measure generally was not
statistically significant sn eaplaming the tevel of the
market tisk premium ' The third measuie, DISP.
measuies the dispersion of analysts’ forecasts. Such
analyst disagreement should be positively related to
percenved risk since higher levels of uncertainty would
lihely generate a wider distibution of canmings
forceasty Tor a given firm DISP s calculated as the
average of firm-specific standard deviations for each
stock in the S&PS00 covered by IBIS. The firm-specific
standard deviation 1s calculated based on the
dispersion of mdividual analysts” growth forecasts

'We enamined two other provies tor Consumer € onfrdence
The Conference Board’s Consumer Fxpectanions Index yielded
essentiatly the same resuits as those reported  The tinnversity
of Mudngan’s Consumer Sentiment Indices tended to be less
signsticant]y hinhed 1o the marker misk premium though
coclhivients wore stiil negative

Volutdiny tor the S+P300 mdex as unphed by options dara.

around the mean ol individual forecasts for that
conmpany m that month DISP also was estimated usmg
a value-weighted measwe of analyst dispersion o
the firms m our sample. The results reported use the
cqually werghted version but similar patterns were
obtamed with both constiuctions * Our final measure.
VOI.1s the implied volauluy on the S&PS00 mdex As
of the beginning of the month, a dividend-adjusted
Black Scholes IFormula s used to csumate the nuphed
volatility m the S&PS00 mdex option contract which
eapires on the third Friday of the month., The call
prennum, excreise price. and the level of the S&PS00
index are taken from the Wall Strect Journal, and
treasury yields come from the tederal Rescive
Dividend yield comes fiom DRI The option contract
that 15 closest to bewng at the money 15 used

lll. Estimates of the Market Premium

Exhibit 2 reports both required returns and nisk
premia by vear (averages of monthly data) The
estimated nish premia are posttive, consistent with
equity owners demanding addiional rewards over and
above retuins on debt securities The average
expectattonal risk premium (1982 to 1908) over

Por the regressions reported an Exhabir 60 the value-
werghted dispersion maaswre actualiv exhibited more
explanatory power Nur tcgresstons usimg the Prars-Winsten
method (vee footnote 75, the coethicient on DISP was not
signipcant an 2 oof the 1 cases
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Exhibit 2. Bond Market Yields, Equity Required Return, and Equity Risk Premium, 1982-1998

Values are averages of monthly tigures in pereent ¢ the vield to matanty on fong-term gosernment honds, 4 s the required return
on the S&PS00 estimated as avalue werghted average using a discounted cash flow model with analysis” growth forecasts The nsh

premium rp A
by price per share

Year Div. Yield g

1982 089 1273
1983 S 24 1260
1981 555 1202
198S 407 [REEN
1980 408 1104
1987 364 1101
1988 427 1100
1989 305 1108
1990 J.03 16y
1991 304 (R0
1992 335 R
1991 115 63
1904 3 iy 1147
1995 304 bS]
1996 260 118y
19497 208 1260
1998 1.80 1293
Wverage RO 11 R]

government bonds s 7.14% shightly higher than the
6.47% average for 1982 10 1991 reported by Harns and
Marston (1992) T'or compartson purposes. Byhibir 3
contains historrcaf returns and nsk premia The average
eapectational nisk premium reported i Exhubie 2 0s
approximately equal to the anithmetic (7 3%%) long-term
differential between returns on stocks and long-teim

government bonds ©

Suterestingly for the 1982-1990 pentod the anthmetic spread
between harge vompany stochs and long-term government
bonds was only 3 3 per year The downward trend minterest
rates resufted e average annual returns of 14 120 on long-
term government bonds over thes horzon Some (e g
Ihbotsan, 19973 argue that enly the ncome (not total) retuin
on honds should be subuacted m calculanng 1ish prema

£ The average of analysts” growth forecasts is ¢ Divvickd s expected dividend per share divided

k i p=k-i
19 62 1270 6 86
17 80 T 0667
1757 1239 S8
1642 1y 79 SO
1313 7 80 734
I4 65 & 38 607
1527 K96 611
1503 EERE 6O 58
1572 861 711
1562 814 750
1547 767 78I
14 7% (60 bR
14 66 737 729
1455 O 88 07
14,49 670 779
14 7h H 00 ha
IEWA] 558 vi7
1567 853 74

I ahabit 2 shows the esumated nisk premum changes
over trme. suggestimg changes o the market's
pereeption of the incremental sk of investing in cquity
vather than debt secunties Scanming the last column
of ELxhubit 20 the risk premium s higher in the 1990«
than carhier and especially <o late 1997 and 1998
Our DCE results provide no evidence to suppott the
notion of a dechiming nish prenvium i the 19908 as a
drrver of the strong run up i cquity prices

A strehing feature i Fxhibot 20s the relatn e stabihiy
of the estimates of A After dropping (along wath
interest rates) in the carly and nnd-1980s, the average
annual value of 4 has remaned within a 75 basis pont
range around 13% for over a decade. Morcover, this
stahility artses desprie some varability an the
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Exhibit 3. Average Historical Returns on Bonds, Stocks, Bills, and Inflation in the US, 1926-1998

Historical Retum Realizations
Common Stoch dharge Conpany
Long-term Goverment Bonds
Freasury Bilbs

Inflation Rate

Geometric Mean Arithmetic Mean
12 R
S 3 37
I8 3N
1 2

Sonrcc Ibbotson Vssodnates, Ine 7999 Stochs Bowdy Bilis and Infistion, 1999 Yearhool

underlying dividend vield and growth components o
A as Eahibie 2 dlustrates, The vesults suggest that & s
more stable than government mterest rates Such
refative stabiliy of & translates to parallel changes
in the market rish premium [n o subsequent section,
we examine whether changes in our market nsk premium
estimates appear linked to interest rate conditions and
anumber ol provies tor risk

We eaplored the seasttivity of the results 1o our
sereening procedures in selecting compantes The
reported results sereen out all non-dividend paying
stocks oo the prennse that use of the DCE model s
mappropriate i such cases
chiminates an average of S5 compamies per month I a
given month, we also screen out firms with fewer than
three analysis™ forecasts, or if the standard deviation
around the mean forecast exceeds 20%  When the
analysis s repeated without any of the three screens,
the average rish premium over the sample period
inereased by ondy 40 basis pomnis. from 7 14°5 10 7 54%

e dividend screen

I'he beta of the sample firms also was estimated and
the sample average was one. suggestng tha the
sereens do not systematically remove low or high-risk
firms (Specificalls usig firms i the sareened sample
as of December 1997 (the last date for which we had
CRSP return dina), we used ordmiy least squanes
regressions to estimate beta for cach stock using the
prios 60 months of data and the CRSP return (SPRTRN)
as the marketinden The value-werghted average ol the
imdividual betas was 1 .00)

The tesults reported here use Tirms i the S&PSO0 as
reported by COMPUSTAT i September 1998 This
could create o survivoishup s, especrally m the carlier
months of the sample \We compared our current resulis
to those obtamed i Harris and Marston (1992) 1o
which there was data 1o update the S&PS00O
composttion cach month For the overlapping period.
January 1982-May 1991, the two procedures yreld the
same average market nsk premium, 6 47%  Fhis
suggests that the firms departng from o entering the
S&PS00 indexn do so tor a number of reasons with no
discernable effect on the overall estimated S&PS0O0
niuketrish premium

IV. Changes in the Market Risk
Premium Over Time

With changes i the economy and financial markets.
cquiy mvestments may be percerved to chunge m sk,
For mstance. iy estor sentiment about future business
condinons likely affects attitudes about the riskiness
of equity investments compared to imvestments i the
bond markets Morcover, since bonds are risky
mvestments themselves, equity nisk premna (relative
to bonds) could change due to changes mn perceised
rishmess of bonds. even it equities displayed no shifts
[HETEIN

Incarlier work covering the 1982-1991 penod. Harrs
and Marston (1992) reported regression resulis
wmdicating that the market premnm decreased with the
level of government interest rates and mereased with
the spread between cotporate and government bond
viclds (BSPREAD) This bond sicld spread was
interpreted as a time series prosy for equity rish In
this paper. we mtroduce three additronal ey anie
measties of rish shownoan Bxhibit I CONCDISE. and
VOL - The three measures come trom thiee independent
sets of data and are supplied by different sgents in the
ceonomy (consumers, equity analysts, and mvestors
(via opuon and share price datay Lahibit 4 provides
summany data on all four of these rish measures

Iahibin 5 repheates and updates eanher analysis by
Harns and Marston 1992y The reselis confum the
qarlier patterns Foi the entire sample pertod, Panel A
shows that risk premia are negatvely rekated to mterest
rates Thos negatnve relationship s also wue tor both

OFS regressions wath Jovehy of varntables geacrally showed
severe tovortelation s ooresulte we used the Prais-Wansien
methad (on lovels of vanables) and abvo OFNS regressions on
tiest dilterences of vanables Since both methods yviclded sinub
resubts and e tater had tore stable coethivients across
speciications, we report orly the resulis using fiest ditlerences
Fosts using Burbin-Watson statistios from regresstons in
Eatitbits 5 and 6 do not aceept the bypotheses of autocorrelated
crrors stests at O stgaitrcance foved, seo Johnston 1984)
We alse estimated the st diflarence model without an intereept
amd obtined ostimates almost adenticat 1o those reported

10896



12

Workpaper 17
Page 7 of 11

JOURNAL OF APPLIED FINANCE — 2001

Exhibit 4. Descriptive Statistics on Ex Ante Risk Measures

Fitries are bised on monthly data BSPRIE AD 18 the spread between vields on tong-term corporate and govermment bonds C ON
15 the consumer contidence idex. DISP measures the dispersion of analysts” forecasts of carmings growth VOI s the volauhity on

the S&PSO0 ndes mmplied by options data Vanables are expressed in decimal form, (e g 12% 12)

Panel A Varwables are Monthiy Levels

Mean Standard Deviation ~ Minimum Maximum
BSPREAD (TR 0030 0070 0254
CON Y504 2242 473 ) 182
Dise 0339 0070 02KS 0687
VOl 1599 06Y7 0765 6085

Panel B Vanables are Mondils Changes

Mean Standard Deviation Minimum Maximym
HSPREAD 00001 0011 - (034 0036
CON W30 0519 - 2300 2170
DIspP G002 0024 - (0160 0154
VOI 0008 0592 - 2156 4081

Paned C Correlanon Coeffierents for Monthiy Changes

BSPREAD CON DiSP voL
BSPRIZAD I 00 1ot 054 22
CON 167 100 065 - 09
DISP 084 0OS 1 060 027
VOIL. 22 -0 027 1 60

Srapmificantly difterent trom zeio at the 03 Jevel
*Swmbicantly difterent bram zero at the 04 leveld

the 1980s and 19908 as displayed in Panels B and €
l-ot the entite 1982 to 1998 penod. the addition of the
vield spread nisk provy to the regresstons Towers the
magmitude of the cocfficient on government bond
yields, as can be seen by comparing bquattons (1) and
(2yof Pancl A, lrurthermore. the coethicient of the vicld
spread (0 488) 15 atselt significantly positive  This
pattern suggests that a reducuon w the nsk differential
hetween imvestment in government bonds and
corporate bonds 1s translated 1into a lower equity
market risk premim

In major respects, the results m bExhibit 5 patallel
carlier findings  The market risk premium changes ovet
time and appemrs inversely refated 1o government
interest rates but s postinvely related o the bond yield
spread, which provies tor the incremental sk of

mvesting 1n equities as opposed to government bonds
One stiiking feature 1s the large negative coctficrents
on government bond yrelds The coeflicients indicate
the equity risk premium declines by over 70 basis
pomts for a 100 basts pomnt merease i government
interest rates * Ths pverse relationship suggests

“The Eaiibit S coctticents on ¢ oare sigofieantly different
fiom 1 0 suggesnng that equity required returns do respond
o anierest rate changes However, the large negainve
coctivents mmply only nunor adjusiments of required retuens
Lo tnterest rate changes stace the risk prenmum dechines In
catbter work (Harrs and Marston, 1992) the coefficient was
sigoiticanty negatnve but not as Jatge m absolute value In that
carlier work, we teported results using the Prais-Winsten
estimatons When we use that estimation techmgue and recreute
the sevond regression i Cshubie S0 the coetlicwnt for £ 1s - S84 (1
- 12 20 dor the entire sample period 9821998
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Exhibit 5. Changes in the Market Equity Risk Premium Over Time

The extubit reports regression coetticients (-values) Regresston estimates use all vanables expressed as monthly changes 1w
correcet tor autocorrelatton The dependent sarable 1s the market equuty nish premium for the S&PS00 aindex BSPREAD 16 the
spread between vields on long-term comorate and government bonds  {he yield to matunity on long-term government bonds 15
denoted as ¢ For purposes of the regression, varables are expressed m deeimal form (e g 1200 12y

Time Period intercept i BSPREAD R
A 19821998 - 0002 - 86U 57
-1 .40) (-16.5h
0002 740 488 54
-1 1h 1137 (294
B 1981 - D008 -.8R7 36
164 (1097
- 0004 759 S08 s7
(-1 23y =742y t199)
¢ 1990y - 0000 $40 04
(-0 09 t1378)
- 0000 757 347 65
(001 -9 85) 176

Exhibit 6. Changes in the Market Equity Risk Premium Over Time and Selected Measures of Risk

Fhe exhibat teports regression coelficients {-values). Regiession estimates use all variables expressed as monthly changes
to correct for autocorrelation The dependent varable ts the market equity nisk premium for the S&PSO0 mdex BSPREAD
15 the spread between vields on long-term corporate and government bonds The vield to matunty on long-term government
bonds 1s denoted as 1 CON s the consumer confidence index DISP measures the dispeision of analysts” fotecasts ot
carnmgs growth VOUL s the volatdity on the S&PSO0 index imphied by options data | or purposes of the regression,
varibles are expressed m decimal form (e g L 12% 1)

Time Period Intercept i BSPREAD CON DispP VOL Adj. R
A T9S2-1998
h 00002 014 008
(97) 35
(W3] - 0004 737 0453 -G 0N07 0 60
(- 90) 1130 (276) 1-248)
&I 0K 0224 0
(Wi (238
4 Q0001 0733 0433 007 (185 062
- 93) 1140 (2060 =277 ($13)
B May J9%6 998 Sy 0000 O 8I8 0420 -0 003 0378 68
{06y P2 1250 (-223% (7
1) 0.0001 0011 0.05
(.83) (289
N 0 XX - 83) 0326 005 0372 0006 06Y
) (BRI (198 210 (37T (2 060)
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much greater stabihty m equity required returns than
is often assumed 1 or anstance, standard applhication
of the CAPM suggests @ one-to-one change in equity
returns and government bond yields

Fahibit 6 introduces three additional prosies for risk
and evplores whether these vanables, either
indinvadually or collectively, are correlated with the
market premium: Sinee the estimates of imphed volatfity
start i May 1986, the exhibit shows results for both
the entire sample penod and tor the pertod during wineh
we can ittoduce all varables Entered mdmvadually
cach of the three varables is sigmficantly hinked to
the nisk premium wath the coefficient having the
eapected sign 1 or instance, in regression (1) the
coelficient en CON a1 - 014, which 1s stgmificantly
different from sero (-3 50). The negatin e coefficient
signals that higher consumer confidence s hinked to a
lower market premium. The positive coefticients on
VOL and DISP indicate the equity risk premium
increases with both market volatility and disagreement
among analysts, The effects of the three vanables appear
largely unaffected by adding other vanables. Tor
mstance, m regression (4) the coefficients on CON and
DISP both remain significant and are similar in magnitude
to the coefficients m simgle vanable regressions.”

Iven in the presence of the new rish varables.
Exhibit 6 shows that the market nisk prenum s atfected
by interest rate conditions. The large negative
cocfficient on government bond rates vphies large
reductions m the equity prenuum as interest rates rise.
One feature of our data may contribute to the observed
negatn e relattonship betw een the market risk premium
and the level of interest rates Speerficallyoif analvsts
are slow to report updates 1 their growth forecasts.
changes i the estumated A would not adjust fully with
changes i the mterest rate even 1t the true tisk premum
were constant o address the impact of “stickiness™
in the measurement of A, we formed “guarictly”
measures of the rish premium that treat A as an average
over the quarter Speerfically, we take the value ot 4 at
the end of a quarter and subtract from 1t the average
value of 1 tor the months ending when A s measured
For mstance, to form the risk premium for March 199K,

Realized equity retrns wre ditficult to prodice out of sample
tsee Goval and Weldh, 1999 Our approach s ditferent
that we Took at expectational siskh promig which ore much
mare stabhle for anstance, when we estimate rogression
cocthicients (using the specification shown moreyression ™ of
Eahibir Ay and apply them out ol sample we obtamn
“predictions of  expoctational sk premia that e
sigmitreantly more accwrate (hetter than the 01 levely than
no chanse forecast We use o rolling regression approach
using data through December 1991 10 2ot coctlicients 1o predict
the tisk premunm n Fanuary 1992 We repeat the procedtine
moving forward a month and dropping the oldost month of
data from the tegression Datals e wvardable trom the authors

Workpaper 17
Page 9 of 11

JOURNAL OF APPLIED FINANCE — 2001

the average value of 7 tor January, February. and March
is subtracted from the Masch value of'A. Thas approach
assumes that, m March, A stll retlects values of ¢ that
have not heen updated from the prior two months.
e quarterty measure of rish premium then s paned
with the average values of the other vanables for the
guarter. For mstance. the March 1998 “quarterly™ nish
prenmum would be parred with averaged values of
BSPRI-AD over the January through March pertod. To
aword overlapping observations for the mdependent
variables, we use only every third month {Maich. fune.
September. Decembery i the sample.

As reported 1 Exhubit 7. sensitivity analysis using
“quartetly T observations suggests that delavs in
updating may be responsible for a portion. but not all,
of the observed negative relationship between the
market premiuvm and mterest rates. Torexample, when
guarterly observations are used. the coetficient onrin
regression (2) of Exhibit 715 -.327 well below the carher
estimates but still significantly negative,™

As an addional test. movements in the bond risk
premium (BSPREAD) are examined. Since BSPREAD s
constructed directly from bond yield data. 1t does not
have the potenual for reporting lags that may affect
analysts” growth forecasts Regresston 3 m Fxhibit 7
show s BSPREAD 16 negativelv linked to government
rates and significantly so, "~ While the equity premiuum
need not move in the same pattern as the corporate
bond premium. the negative coetficient on BSPREAD
suggests that our carlier results are not due solely to
“stickimess™ m measurements of market required returns

The results o Exlubit 7 suggest that the inverse
relattonship between interest rates and the market risk
premium may not be as pronounced as suggested in
carhier exhibits Stll there appears to be a sigmificant
negative link between the equity risk premium and
government nterest rates The quarterly results m
Fahibit 7 would suggestabout a 50 basis pomt change
in sk premium for cach 100 basis pamt mosement in
interest rates

Orerall, the e ante estimates of the market nisk
premiam are signiicantly hnked 1o ex ante provaes tor
tisk Such a hink suggests that mvestors modify therr
requited returns i tesponse to pereerved changes m
the envitonment  Fhe findings provide some comfort
that our risk premuum esttmates are capturing, at least

Seesitnaiy anatysis for the TON2-TURY and J990- 190K
subpenods vields results sinnbar 1o those teported
Wo thank Bob Conroy tor sugepesting use of BSPREAD

-

Regression 3 oan Favhibat appedars to hdave antocarrdated
ervens the Durbm-Watson iDW ) statistic 1ejects the iy pothesss
of ne auiocotselation Howover, i subperntod analvsis the
DWW statnstic tor the 199098 period 15 consistent with ne
astocottelahion and the coetficient on 1 oas ossentaally the same

24 0 NSy as aeported an Db T
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Exhibit 7. Regressions Using Alternate Measures of Risk Premia to Analyze Potential Effects of
Reporting Lags in Analysts’ Forecasts

[ he extubit reports regression coefticients (-values) Regression estimates use all vanables expressed as changes {monthiy
o1 Juatterly ) to correct for autocorretation. BSPRIAD is the spread between yields on long-terim corporate and government
bonds 1p s the nish premium on the S&PSO0 mdex The vield 1o maturity on long-term government bonds 1s denoted as
¢ For purposes of the regression. vanables are expressed i deamal form. (e g, 12% 12

Dependent Variable Intercept i BSPREAD Adj.
el Fquuty Rish Prenmum () 0002 - 749 R 5
Monthly Observanons [IEEEN] 1137 (294)
(~ame us Fable V)
2y kyguity Risk Premiam () - O002 - 327 550 60
“Quarterh™ nonoverlapping (- 49} -0 18} (220
absersations 10 account |AOI'
lags 1 analyst iepoting
00| - 247 R
(3 Corporate Bond Spread (BSPREALNY (-1 90) -11.29;

NMonthly Obsers ations

in part. underlving changes in the cconomic
environment. Moreover. cach of the nisk measures
appeats to contaimn relevant immformation for ainvestors
The market risk premium s negatively related to the
tevel of consumer confidence and positively linked to
mterest rate spreads between cotporate and
government debt. disagreement among analysts in their
forecasts of carnings growth. and the nmphed volaulity
of equity returns as revealed m options data

V. Conclusions
Shareholder required rates of returin and nish premia

should be based on theorres about investors’
cxpectations for the future. In pracuce. however. risk

premta are typically estimated using averages of

lstonical returns. This paper apphies an alternate
approach to estimating tisk premia that employs
publicty avalable expectational data. The resultant
average manket equity risk premium over government
bonds 1s comparable 1in magmitude to long-term
differences (1926 to 1998) in historical retuins between
stocks and bonds As a result, our evidence does not
resolve the equity premium puszle. rather, the results
suggest mvestors stil expect to recerve large spreads
to mvest n equity versus debt imstruments

There 1s stong evidence. however. that the market
rish premiuim changes over time. Morcover. these
changes appear linked to the level of interest rates as
well as ex anre prosies for risk drawn fiom interest rate
spreads m the bond market, consumer confidence
future cconomic conditrons, disagreement among
financial analy sts m therr forecasts and the volathity

of equity returns imphied by options data. The significant
ccononite links between the market premium and a wide
array of risk vanables suggests that the notion of a
constant risk premium over time 1s not an adequate
explanation of pricing m cquity versus debt markets.

These results have mplications tor pracuice. First,
at least on average. the estimates suggest a market
premium roughly comparable to long-term historical
spreads 1n returns between stocks and bonds. Our
conjecture is that. sf anything. the estimates are on the
high side and thus estabhish an upper bound on the
market premium Sceond. the resuits suggest that use
of a constant risk premum will not fully capuure
chunges moimvestor return reguirements As a specific
example, our fincdhngs indicate that common apphication
of models such as the CAPM will overstate changes
m sharcholder return requirements when government
mterest rates change Rather than a one-for-one
change with mterest rates inphied by use of constant
risk prenmum, the resubts indicate that equity required
returns for average tisk stochs likely change by half
(o1 less) of the change i interest rates. However, the
preture 1s considerably more complicated as shown by
the hinkages between the sk premium and other
attributes of 1isk

Ultimately. our research does not resolve the answer
to the guestion “What 15 the right market risk
prenium?” Perhaps more importantly, our work
suggests that the answer s conditional on a number
of features i the cconomy  not an absolute. We hope
that future research witl harness ex anre data 1o provide
additional guidance to best practice mn using a market
premivim to improve financrad decistons @
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Cost of Capital Estimation

The Risk Premium Approach to Measuring
a Utility’s Cost of Equity

Eugene F. Brigham, Dilip K. Shome, and Steve R. Vinson

Eugene F. Brigham and Dihp K. Shome are faculty members of the
University of Florida and the Virginia Polvtechmc Insutute and State
University, respectivelv, Steve R. Vinson is affiliated with AT&T

Communications

® In the mid-1960s, Myron Gordon and others began
applying the theory of finance to help estimate utilities’
costs of capital. Previously, the standard approach n
cost of equity studies was the “comparable earnings
method,” which involved selecting a sample of unreg-
ulated companies whose investment risk was judged to
be comparable to that of the utility in question, calcu-
lating the average return on book equity (ROE) of
these sample companies, and setting the utility’s ser-
vice rates at a level that would permit the utility to
achieve the same ROE as comparable companies. This
procedure has now been thoroughly discredited (see
Robichek [15]), and it has been replaced by three mar-
ket-oriented (as opposed to accounting-oriented) ap-
proaches: (1) the DCF method, (ii) the bond-yield-plus-
risk-premium method, and (iii) the CAPM, which is a
specific version of the generalized bond-yield-plus-
risk-premium approach.

Our purpose in this paper is to discuss the risk-
premium approach, including the market risk premium
that is used in the CAPM. First, we critique the various
procedures that have been used in the past to estimate
risk preminms. Second, we present some data on esti-

33

mated risk premiums since 1965. Third, we examine
the relationship between equity risk premiums and the
level of interest rates, because it is important, for pur-
poses of estimating the cost of capital, to know just
how stable the relationship between risk premiums and
interest rates is over time. If stability exists, then one
can estimate the cost of equity at any point in time as a
function of interest rates as reported in The Wall Street
Journal, the Federal Reserve Bulletin, or some similar
source.! Fourth, while we do not discuss the CAPM
directly, our analysis does have some important impli-
cations for selecting a market risk premtum for use in
that model. Our focus 1s on utilities, but the method-
ology is applicable to the estimation of the cost of

'For example. the Federal Energy Reguiatory Commussion’s Staff re-
cently proposed that a risk prermium be estimated every two years and
that. between estumation dates, the last-determined risk premium be
added to the current yield on ten-year Treasury bonds to obtain an
estimate of the cost of equity to an average utility (Docket RM 80-36)
Subsequently, the FCC made a similar proposal (“Notice of Proposed
Rulemaking,” August 13, 1984, Docket No 84-800) Obviously, the
validty of such procedures depends on (i) the accuracy of the risk
premium estimate and (11) the stability of the relationship between risk
premiums and nterest rates. Both proposals are stl under review.
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equity for any publicly traded firm. and also for non-
traded firms for which an appropriate risk class can be
assessed, including divisions of pubhicly traded corpo-
rations.’

Alternative Procedures for Estimating
Risk Premiums

In a review of both rate cases and the academic
literature, we have 1dentified three basic methods for
estimating equity risk premiums: (i) the ex post, or
historic, yield spread method: (ii) the survey method;
and (iii) an ex ante yield spread method based on DCF
analysis.® In this section, we briefly review these three
methods.

Historic Risk Premiums

A number of researchers, most notably Ibbotson and
Sinquefield [ 12]. have calculated historic holding per:-
od returns on different securities and then estimated
risk premiums as follows:

Historic
Risk =
Premium
Average of the
annual returns on
a stock index for{ —
a particular
past period |

Average of the
annual returns on
a bond index for{ . (1)
the same
past period

Ibbotson and Sinquefield (1&S) calculated both arith-
metic and geometric average returns, but most of their
risk-premium discussion was in terms of the geometric
averages. Also. they used both corporate and Treasury
bond indices. as well as a T-bill index, and they ana-
lyzed all possible holding periods since 1926. The 1&S
study has been employed in numerous rate cases in two
ways: (i) directly, where the I&S historic risk premium
is added to a company’s bond yield to obtain an esti-

*The FCC is particularly interested 1n risk-premium methodologies.
because (1) only eighteen of the 1.400 telephone companies it regulates
have publicly-traded stock. and hence offer the possibility of DCF
analysis, and (11) most of the publicly-traded telephone companies have
both regulated and unregulated assets. so a corporate DCF cost might
not be applicable to the regulated units of the compames.

‘In rate cases. some witnesses also have calculated the differential
between the yield to maturity (YTM) of a company’s bonds and its
concurrent ROE. and then called this differential a sk premium In
general. this procedure is unsound. because the YTM on a bond is a
future expected return on the bond’s market value, while the ROE s the
pust realized return on the stock’s book value. Thus, comparing YTMs
and ROEs 1s like comparing apples and oranges
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mate of its cost of equity, and (ii) indirectly, where
1&S data are used to estimate the market risk premium
in CAPM studies.

There are both conceptual and measurement prob-
lems with using 1&S data for purposes of estimating
the cost of capital. Conceptually, there is no compel-
ling reason to think that investors expect the same
relative returns that were earned in the past. Indeed,
evidence presented in the following sections indicates
that relative expected returns should, and do, vary
significantly over time. Empirically. the measured his-
toric premium 1s sensitive both to the choice of estima-
tion horizon and to the end points. These choices are
essentially arbitrary, yet they can result in significant
differences in the final outcome. These measurement
problems are common to most forecasts based on time
series data.

The Survey Approach

One obvious way to estimate equity risk premiums
1s to poll investors. Charles Benore {1], the senior
utility analyst for Paine Webber Mitchell Hutchins. a
leading institutional brokerage house, conducts such a
survey of major institutional investors annually. His
1983 results are reported in Exhibit 1.

Exhibit 1. Results of Risk Premium Survey. 1983*

Assuming a double A, long-term utility bond currently yrelds 12V2%.
the common stock for the same company would be fairly priced relative
to the bond if its expected retumn was as follows.

Indicated Risk Premium Percent of

Total Return (basis pornts) Respondents
over 202% over 800
20v2% 800
19V2% 700,
18v2% 600 10%
17v2% 500 8%
16Y2% 400 29%
15V2% 300 35%
14V2% 200 16%
13%2% 100 0%
under 13%2% under 100 1%
Weighted
average 358 100%

*Benore's questionnaire included the first two columns, while his thin
column provided a space for the respondents to indicate which rist
premium they thought applied. We summarized Benore’s responses
the frequency distribution given in Column 3 Also, in his questionnair.
each year, Benore adjusts the double A bond yield and the total return
(Column 1) to reflect current market conditions Both the question
above and the responses to it were taken from the survey conducted n
April 1983

10903




BRIGHAM, SHOME, VINSON/COST OF EQUITY MEASUREMENT

Benore’s results, as measured by the average risk
premiums, have varied over the years as follows:

Average RP
Year  (basis points)
1978 49]
1979 475
1980 423
1981 349
1982 275
1983 358

The survey approach 1s conceptually sound in that it
atternpts to measure investors’ expectations regarding
risk premiums, and the Benore data also seem to be
carefully collected and processed. Therefore, the Ben-
ore studies do provide one useful basis for estimating
risk premiums. However, as with most survey results,
the possibility of biased responses and/or biased sam-
pling always exists. For example. if the responding
nstitutions are owners of utility stocks (and many of
them are), and if the respondents think that the survey
results might be used in a rate case, then they might
bias upward their responses to help utilities obtain
higher authorized returns. Also, Benore surveys large
institutional investors, whereas a high percentage of
utility stocks are owned by individuals rather than in-
stitutions, so there is a question as to whether his
reported risk premiums are really based on the expecta-
tions of the “representative” investor. Finally. from a
pragmatic standpoint, there is a question as to how to
use the Benore data for utilities that are not rated AA.
The Benore premiums can be applied as an add-on to
the own-company bond yields of any given utility only
if it can be assumed that the premiums are constant
across bond rating classes. A priori, there is no reason
to believe that the premiums will be constant.

DCF-Based Ex Ante Risk Premiums

In a number of studies. the DCF model has been
used to estimate the ex ante market risk premium,
RP,,. Here, one estimates the average expected future
return on equity for a group of stocks, k,, and then
subtracts the concurrent risk-free rate, R, as proxied
by the yield to maturity on either corporate or Treasury
securities:*

RP, = k, — R, (2)

Conceptually, this procedure is exactly like the &S
approach except that one makes direct estimates of
future expected returns on stocks and bonds rather than
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assuming that investors expect future returns to mirror
past returns.

The most difficuit task, of course, is to obtain a valid
estimate of k,,, the expected rate of return on the mar-
ket. Several studies have attempted to estimate DCF
risk premiums for the utility industry and for other
stock market indices. Two of these are summarized
next.

Vandell and Kester. In a recently published
monograph, Vandell and Kester | 18] estimated ex ante
risk premiums for the period from 1944 to 1978 R,
was measured both by the yield on 90-day T-bills and
by the yield on the Standard and Poor’s AA Utility
Bond Index. They measured k,, as the average expect-
ed return on the S&P’'s 500 Index, with the expected
return on individual securities estimated as follows:

k:(E‘.xng,. 3)

o lp

¢

D, = dividend per share expected over the next
twelve months,

= current stock price,

g = estimated long-term constant growth rate,

and

the i" stock.

To estimate g, Vandell and Kester developed fifteen
forecasting modéls based on both exponential smooth-
ing and trend-line forecasts of earnings and dividends.
and they used historic data over several estimating
horizons Vandell and Kester themselves acknowledge
that, like the Ibbotson-Sinquefield premiums, their
analysis is subject to potential errors associated with
trying to estimate expected future growth purely from
past data. We shall have more to say about this point
later.

“In this analysis. most people have used yields on long-term bonds
rather than short-term money market istruments It 1s recognized that
iong-term bonds. even Treasury bonds. are not risk free, so an RPy
based on these debt instruments 1s smalier than it would be if there were
some better proxy to the long-term riskless rate. People have attempted
to use the T-biit rate for Ry, but the T-bill rate embodies a different
average inflation premium than stocks. and it 15 subject to random
fluctuations caused by monetary policy. mternational currency flows,
and other factors. Thus, many people believe that for cost of capital
purposes, Ry should be based on long-term secunties.

We did test to see how debt maturities would affect our calculated nsk
premiums. If a short-term rate such as the 30-day T-bill rate is used.
measured risk premiums jump around widely and. so far as we could
tell, randomly. The choice of a maturity 1 the 10- to 30-year range has
Inttle effect, as the yield curve is generally fairly flat in that range
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Malkiel. Malkiel {14] estimated equity risk premi-
ums for the Dow Jones Industrials using the DCF mod-
el. Recognizing that the constant dividend growth as-
sumption may not be valid, Malkiel used a nonconstant
version of the DCF model. Also, rather than rely ex-
clusively on historic data, he based his growth rates on
Value Line’s five-year earnings growth forecasts plus
the assumption that each company's growth rate
would. after an initial five-year period, move toward a
long-run real national growth rate of four percent. He
also used ten-year maturity government bonds as a
proxy for the riskless rate. Malkiel reported that he
tested the sensitivity of his results against a number of
different types of growth rates, but, in his words, “The
results are remarkably robust, and the estimated risk
premiums are all very similar.”” Malkiel’s 1s, to the best
of our knowledge, the first risk-premium study that
uses analysts’ forecasts. A discussion of analysts’ fore-
casts follows.

Security Analysts’ Growth Forecasts

Ex ante DCF risk premium estimates can be based
either on expected growth rates developed from time
series data, such as Vandell and Kester used, or on
analysts’ forecasts, such as Malkiel used. Although
there is nothing inherently wrong with time series-
based growth rates, an increasing body of evidence
suggests that primary reliance should be placed on
analysts' growth rates. First, we note that the observed
market price of a stock reflects the consensus view of
investors regarding its future growth. Second, we
know that most large brokerage houses, the larger in-
stitutional investors, and many investment advisory
organizations employ security analysts who forecast
future EPS and DPS, and, to the extent that investors
rely on analysts’ forecasts, the consensus of analysts’
forecasts is embodied in market prices. Third, there
have been literally dozens of academic research papers
dealing with the accuracy of analysts’ forecasts, as
well as with the extent to which investors actually use
them. For example, Cragg and Malkiel {7} and Brown
and Rozeff [5] determined that security analysts’ fore-
casts are more relevant in valuing common stocks and
estimating the cost of capital than are forecasts based
solely on historic time series. Staniey, Lewellen, and
Schlarbaum [16] and Linke [13] investigated the im-
portance of analysts’ forecasts and recommendations
to the investment decisions of individual and institu-
tional investors. Both studies indicate that investors
rely heavily on analysts’ reports and incorporate ana-
lysts’ forecast information in the formation of their
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expectations about stock returns. A representative list-
ing of other work supporting the use of analysts’ fore-
casts is included in the References section. Thus, evi-
dence in the current literature indicates that (1)
analysts’ forecasts are superior to forecasts based sole-
ly on time series data, and (11) investors do rely on
analysts’ forecasts. Accordingly. we based our cost of
equity, and hence risk premium estimates, on analysts’
forecast data.*

Risk Premium Estimates

For purposes of estimating the cost of capital using
the risk premium approach, it is necessary either that
the risk premiums be time-invariant or that there exists
a predictable relationship between risk premiums and
interest rates. If the premiums are constant over time,
then the constant premium could be added to the pre-
vailing interest rate. Alternatively. if there exists a
stable relationship between risk premiums and interest
rates, it could be used to predict the nisk premium from
the prevailing interest rate

To test for stability, we obviously need to calculate
nisk premiums over a fairly long period of time. Prior
to 1980, the only consistent set of data we could find
came from Value Line, and, because of the work in-
volved, we could develop risk premiums only once a
year (on January 1). Beginning in 1980, however, we
began collecting and analyzing Value Line data on a
monthly basis, and in 1981 we added monthly esti-
mates from Merrill Lynch and Salomon Brothers to our
data base. Finally, in mid-1983, we expanded our
analysis to include the IBES data.

Annval Data and Results, 1966—-1984

Over the period 1966-1984, we used Value Line
data to estimate risk premiums both for the electric
utility industry and for industrial companies, using the
companies included in the Dow Jones Industrial and
Utility averages as representative of the two groups.
Value Line makes a five-year growth rate forecast, but
it also gives data from which one can develop a longer-
term forecast. Since DCF theory calls for a truly long-
term (infinite horizon) growth rate, we concluded that
it was better to develop and use such a forecast than to

“Recently, a new type of service that summarizes the key data from most
analysts’ reports has become available. We are aware of two sources of
such services, the Lynch. Jones, and Ryan’s Institutional Brokers Esti-
mate System (IBES) and Zack’s Icarus Investment Service. IBES and
the lcarus Service gather data from both buy-side and sell-side analysts
and provide it to subscribers on a monthly basis in both a printed and a
computer-readable format.
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Exhibit 2. Estimated Annual Risk Premiums, Nonconstant (Value Line) Model,

19661984
January |
(ic(:rc Dow Jones Electrics Dow Jones Industnals
Reported kA\g Re RP kA\g Ry RP (H—(6
(1) (2) (3) (4) (5 (6) (7)
1966 8 1% 4.50% Jol% 9.56% 4 50% 5.06% 0.7
1967 9.00% 4 76 4 24% 11.57% 4 76% 6 81% 062
1968 9 68% S 59% 4 09% 10 56% 5.59% 4.97% 0y 82
1969 9 34% 5.88% 3.46% 10.96% S 88% S.08% 0 68
1970 11.04% 6.91% 4 13% 12 22% 6.91% 5.31% 0.78
1971 10 80% 6.28% 4.52% 11.23% 6.28% 4.95% 091
1972 10 53% 6.00% 4.53% 11.09% 6.00% 5.09% 089
1973 11.37% S 96% S 4% 11 47% 5 96% SS51% 0 98
1974 13 85% 7 29% 6 56% 12 38% 7 29% S 09% 1.29
1975 16.63% 7.919% 8 72% 14.83% 7.91% 6.92% 1 26
1976 13 97% 8.23% 5 74% 13.32% 8.23% 5 09% 113
1977 12 96% 7.30% 5 66% 13 63% 7.30% 6 33% 089
1978 13 42% 7.87% 5 55% 14 75% 7.87% 6.88% 0 8t
1979 14 92% 8 99% 5.93% 15.50% 8 99 6 S1% 0 91
1980 16 39% 10 18% 6.21% 16 53% 10.18% 6.35% 0.98
1981 17 61% 11 99% S 62% 17.37% 11 99% 5.38% 1.04
1982 17.70% 14.00% 3 70% 19 309 14 00% 5.30% 0.70
1983 16.30% 10.66% 5 64% 16.53% 10 66% 5 87% 0 96
1984 16 03% 11 97% 4.06% 15 72% 11 97% 3.75% 1.08

use the five-year prediction.® Therefore, we obtained
data as of January | from Value Line for each of the
Dow Jones companies and then solved for k, the ex-
pected rate of retumn, in the following equation:

: ) (4)

o
™Mo

1 +k

D, (Dl +g)
=101 + k) ( k - g, )

Equation (4) is the standard nonconstant growth DCF
model; P, is the current stock price; D, represents the
forecasted dividends during the nonconstant growth
period; n is the years of nonconstant growth; D_ is the
first constant growth dividend: and g, is the constant,
long-run growth rate after year n. Value Line provides
D, values fort = 1 andt = 4, and we interpolated to
obtain D, and D,. Value Line also gives estimates for

“This 15 a debatable point. Cragg and Malkiel. as well as many practic-
ing analysts. feel that most investors actually focus on five-year tore-
vasts. Others. however. argue that five-year forecasts are too heavily
influenced by base-year condttions and/or other nonpermanent condi-
tons for use in the DCF model We note (1) that most published fore-
casts do indeed cover five years, (i) that such forecasts are typically
‘normalized” in some fashion to alleviate the base-year problem. and
hi} that for relatively stable companies like those tn the Dow Jones
averages, it generally does not matter greatly if one uses a normalized
five-year or a longer-term forecast, because these companies meet the
conditions of the constant-growth DCF model rather well

ROE and for the retention rate (b) in the terminal year,
n. so we can forecast the long-term growth rate as g, =
b(ROE). With all the values in Equation (4) specified
except k, we can solve for k, which 1s the DCF rate of
return that would result if the Value Line forecasts
were met, and, hence, the DCF rate of return implied
in the Value Line forecast.’

Having estimated a k value for each of the electric
and industrial companies, we averaged them (using
market-value weights) to obtain a k value for each
group. after which we subtracted R, (taken as the De-
cember 31 vyield on twenty-year constant maturity
Treasury bonds) to obtain the estimated risk premiums
shown in Exhibit 2. The premiums for the electrics are
plotted in Exhibit 3, along with interest rates. The
following points are worthy of note:

1. Risk premiums fluctuate over time. As we shall see
in the next section, fluctuations are even wider
when measured on a monthly basis.

2. The )ast column of Exhibit 2 shows that risk premi-

"Value Line actualty makes an explicit price forecast for each stock, and
one could use this pnice, along with the forecasted dividends, to develop
an expected rate of retumn However, Value Line’s forecasted stock
price builds 1n a forecasted change in k Therefore, the forecasted price
1s inappropriate for use in estimating curvent values of k.
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Exhibit 3. Equity Risk Premiums for Electric Utilities and Yields on 20-Year Government Bonds, 1970-1984+

Risk Premiums
and Interest Rates

| 7\
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L | ’ \ L’
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|
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*Standard errors of the coefficients are shown 1n parentheses below the coefficients

ums for the utilities increased relative to those for
the industrials from the mid-1960s to the mid-
1970s. Subsequently, the perceived riskiness of the
two groups has, on average, been about the same.

3. Exhibit 3 shows that, from 1970 through 1979,
utility risk premiums tended to have a positive asso-
ciation with interest rates: when interest rates rose,
so did risk premiums, and vice versa. However,
beginning in 1980, an inverse relationship ap-
peared: rising interest rates led to declining risk
premiums. We shall discuss this situation further in
the next section.

Monthly Data and Results, 1980--1984

In early 1980, we began calculating risk premiums
on a monthly basis. At that time, our only source of
analysts’ forecasts was Value Line, but beginning in
1981 we also obtained Merrill Lynch and Salomon
Brothers® data, and then, in mid-1983, we obtained

IBES data. Because our focus was on utilities, we
restricted our monthly analysis to that group.

Our 1980-1984 monthly risk premium data, along
with Treasury bond yields, are shown in Exhibits 4 and
S and plotted in Exhibits 6, 7, and 8. Here are some
comments on these Exhibits:

1. Risk premiums, like interest rates and stock prices.
are volatile. Our data indicate that it would not be
appropriate to estimate the cost of equity by adding
the current cost of debt to a risk premium that had
been estimated in the past. Current risk premiums
should be matched with current interest rates.

2. Exhibit 6 confirms the 1980-1984 section of Ex-
hibit 3 in that it shows a strong inverse relationship
between interest rates and risk premiums; we shall
discuss shortly why this relationship holds.

3. Exhibit 7 shows that while nsk premiums based on
Value Line, Merrill Lynch, and Salomon Brothers
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Exhibit 4. Estimated Monthly Risk Premiums for Electric Utilities Using Analysts” Growth Forecasts. January
1980—June 1984

20-Yeur 20-Yew
Treasurs Treasury
Bond Bond
Yield. Yield
Constant Constant
Begmmng Vadlue Merrill - Salomon Average  Matunty Beginning Value Meridl - Salomon  Average  Matunty
of Month Line Lynch  Brothers Premmums  Series ot Month Line Lanch  Brotheis Premums Senes
Jan 1980 6.21% NA NA 621% 10 18% Apr 1982 349%  361%  429%  380% 13 69%
Feb 1980 S 7% NA NA 5.77% 10 86% May 1982 J08%  425%  391%  3.75%  13.47%
Mar 1980 4 73% NA NA 4 73% 12 59% Jun 1942 Je%  4.51% 4.72% 4 13% 1R 83%
Apr 1980 5.02% NA NA S02% 1271% Jul 1982 2879 4 21% 4 21% 3 66% 14 48%
May 1980 4.73% NA NA 4.73% 11 04% Aug 1982 433% 483G S27% 4 81% 13.69%
Jun 1980 5.09% NA NA 509%  10.37% Sep 1982 408%F 5 1A% 5.58% 493U 12 40%
Jul 1980 5.41% NA NA S41% 9 RO% Oct 1982 535%  S524% 6 39%  564% 11 95%
Aug 1980 5 72% NA NA 5 72% 10 29% Nov 1982 S67% 595%  691% 618% 1097%
Sep 1980 5.16% NA NA 5.16% 11 41% Dec 1982 6 3% 6.T71%  T.45% 6 82% 1082%
~ ly (A { —_— —
N :gz?, : 8{3; SQ m : 83)//: g ZZ(/: Annual Avg 4.009  4.54%  SOI%  452%  13.09%
Dec 1980  5.65% NA NA S.65% 12 37% Jun 1983 5.64%  604% 6819  6.16% 10.66%
e Feh 1983 4.6%%  5.99%  6.10%  559% 11.01%
Annual Avg 3. 35% SN A Mar 1983 499% 6894 643G 6.10% 10.714%
Jan 1981 562%  4.76%  5.63%  5.34% 11 99% Apr 1983 4.75%  582%  63%  5.63% 10.84%
Feb 1981 4 82% 487% S 16% 495% 12 48% May 1983 4 50% 641%  624%  S5.72% 10.57%
Mar 1981 4.70%  3.73% 4 97% 4 47% 13 10% Jun 1983 4 29% S 21% 6 16% 522% 10 90%
Apr 1981 4.24%  3.23% 432G A00% 13 11% Jul 1983 478G 5 T72%  6.429% 5649 11.12%
May 1981 354%  324%  424%  3.67% Y3S51% Aug 1983 I89%  4.74%  S41% 4 68% 11 78%
Jun 1981 3.57%  4.049%  4.27%  3.96% 13.39% Sep 1983 4.07% 490% S5.57% 485% 11.71%
Jul - 19K] 3.61%  3.63%  416%  R80%  13.32% Oct 1983 IT9% 4.64% S E 460% 1) 64%
Aug 1981 307% 305G 3.04% 3 09% 14 23% Nov [983 2.84%  3T77%  446%  3.69% H1 90%
Sep 1981 210%  2.24% 2.35% 2 23% 14 99% Dec 19¥3 3.36%  427%  SO0%  4.21% 1) B3%
. . . . . i —_
83 :3:: 33;; 5333 ig;g gzgg :22;; Annual Avg 4 309% S 3% S86U S 17%  11.22%
Dec 198! 372G 345%  4.249 3 80% 13 12% Jun 1984 406% 5.044  565% 492% 11 97%
- —_— SN Iy 5 ¢ ly. G G
Annual Ave 3.67% 3 45%  407% 3 73% 13624 Y pEsy e AR
Jan 1982 370 3.37%  404% 3 70% 14 0% Apt 1984 4 78%  S33%  632%  5.48% 1251%
Feb 1982 305 337%  370%  337% 14 374% May 1984 436% S30% 642% 536% 1278%
Mar 1982 318%  328%  X75% 3 39% 13964 Jun 1984 IS4% 4.00%  S63%  4.39%  13.60%
Exhibit 5. Monthly Risk Premiums Based on IBES Data
of Average of

Average

Mern!l Lynch.
Salomon
Brothers. and

Mernitl Lvnch.
Salomon
Brothers, and

Value Line IBES IBES Premiums Value Line IBES IBES Premiuns
Beginning Prermiums Premiums for Entire Beginning Prenuums Prenmmums for Entire
of for Dow Jones  for Dow Jones Electric ot for Dow Jones  for Dow Jones Electric
Month Electrics Electrics Industry Month Electrics Electries Industry
Aug 1983 4 689% 4 10% 4.16% Feb 1984 S 19% 5.00¢ 4 36%
Sep 1983 4 85% 4 43% 4 27% Mt 1984 S 2% 5 35% 4 45%
Oct 1983 4 60% 4.31% 3.90% Apr 1984 5.48% 5 33% 4.23%
Nov 1983 3.69% 3.36% 3.36% May 1984 5.36% 5.26% 4 30%
Dec 1983 4 21% 3.86% 3 54% Jun 1984 4 39% 4 47% 3.40¢%
Jan 1984 4.92% 4 68% 4.18% Avcrage

Premiums 4 83% 4 56% 4.014%
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Exhibit 6. Utility Risk Premiums and Interest Rates, 1980-1984

20-year T-bond yrelds
7

Utility risk premyums

The standard error of the
coefficient is shown 1n
parentheses below the

RP=!253%-063RF
Standard Error (0.05)

1 coefficient. 2
R = 0.73
0 b b e b e b | o o | e ) e e e o e g b — b - e
JFMAMJJASOMNDIFMAMIIASONDSI FHAMIJIJAS ONDIFMAMIIASOND I FMN ALY
1980 1981 1982 1983 1984

Exhibit 7. Monthly Risk Premiums, Electric Utilities, 1981-1984 (to Date)
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Exhibit 8. Comparative Risk Premium Data

1 4 ( I 4 it i 4 ! {

f ¥ f ; f \ T f ! f f
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
1983 1984

®: Value Line, ML, SB* Dow Jones Electrics
®: IBES: Dow Jones £lectrics
4: IBES: Al Electric Utilitres

do differ, the differences are not large given the
nature of the estimates, and the premiums follow
one another closely over time. Since all of the ana-
lysts are examining essentially the same data and
since utility companies are not competitive with
one another, and hence have relatively few secrets,
the similarity among the analysts’ forecasts is not
surprising.

4. The IBES data, presented in Exhibit 5 and plotted
in Exhibit 8, contain too few observations to enable
us to draw strong conclusions, but (i) the Dow
Jones Electrics risk premiums based on our three-
analyst data have averaged 27 basis points above
premiums based on the larger group of analysts
surveyed by IBES and (i) the premiums on the 11
Dow Jones Electrics have averaged 54 basis points
higher than premiums for the entire utility industry
followed by IBES. Given the variability in the data,
we are, at this point, inclined to attribute these
differences to random fluctuations, but as more
data become available, it may tum out that the
differences are statistically significant. In particu-
lar, the 11 electric utilities included in the Dow
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Jones Ultility Index all have large nuclear invest-
ments, and this may cause them to be regarded as
riskier than the industry average, which includes
both nuclear and non-nuclear companies.

Tests of the Reasonableness of the Risk
Premium Estimates

So far our claims to the reasonableness of our risk-
premium estimates have been based on the reasonable-
ness of our variable measures, particularly the mea-
sures of expected dividend growth rates. Essentially,
we have argued that since there is strong evidence in
the literature in support of analysts’ forecasts, risk
premiums based on these forecasts are reasonable. In
the spirit of positive economics, however, it is also
important to demonstrale the reasonableness of our
results more directly.

It is theoretically possible to test for the validity of
the risk-premium estimates in a CAPM framework. In
a cross-sectional estimate of the CAPM equation,

(k — R, = a, + o8, + u,. (5

we would expect

&, = Oand &, = k,, — R, = Market risk premium.
This test. of course, would be a joint test of both the
CAPM and the reasonableness of our risk-premium
estimates. There is a great deal of evidence that ques-
tions the empirical validity of the CAPM, especially
when applied to regulated utilities. Under these condi-
tions, it is obvious that no unambiguous conclusion
can be drawn regarding the efficacy of the premium
estimates from such a test."

A sitmpler and less ambiguous test is to show that the
risk premiums are higher for lower rated firms than for
higher rated firms. Using 1984 data, we classified the

"We carried out the test on a monthly basis for 1984 and found postive
but staustically insignificant coefficients A typrcal result (for April
1984) follows’

1.8031 8,
(1 44)

(k — Re), = 31675 +
(091

The figures i parentheses are standard errors  Utihity risk prermums do
increase with betas. but the ntercept term 1s not zero as the CAPM
would predict, and a; is both less than the predicted value and not
stausticatly significant Agamn, the observanon that the coefficients do
not conform to CAPM predictions could be as much a problem with
CAPM specification for utiltties as with the nsk premium estimates.

A simular test was carned out by Friend, Westerfield, and Granito {9).
They tested the CAPM using expectational (survey) data rather than ex
post holding period returns. They actually found their coefficient of 8,
10 be negative in all thew cross-sectional tests
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Exhibit 9. Relationship between Risk Premiums and Bond Ratings, 1984%

Below

Maonth Aaa AA AA AaiA A A/BBB 88B BBB

January o 261Y% 3 06% 3 70% 507% 4.90% 9 45%
February 2 YR 31 7% 3 36% 4 03% S 26% 5.14% 7974%
March 2 34% 3 46Y% 3 29% 4.06% S 43% 5 02% 8 28%
Apiil 2 37% 303% 3299 3.88% S 29Y% 4 97% 6 96%
May 2 00% 2.48% 3 42% 3.72% 4 72% 6 64% B 81%
June 0 72% 20T7% 2 16% 3 16% 3.76% S 0% 5.58%
Avcrage 2 08% 282G 3. 15% 3 76% 4 92% S.28% 7 RA%

The eish prenpums are based on {BES data for the electie utilities followed by both IBES and Safomon Biothets
The number of clectric unhties foltowed by both firms vanies from month 1o month For the penod between
January and June 1984, the number of electnies tollowed by both firms ranged from 96 to 99 utilities
Jndanpuary there were no Aaa AA companies Subsequently  four utthties were upgraded to Aaa AA

utility industry into risk groups based on bond ratings.
For each rating group, we estimated the average risk
premium The results, presented in Exhibit 9, clearly
show that the lower the bond rating, the higher the risk
premiums Our premium estimates therefore would
appear to pass this simple test of reasonableness.

Risk Premiums and interest Rates

Traditionally, stocks have been regarded as being
riskier than bonds because bondholders have a prior
claim on earnings and assets. That is, stockholders
stand at the end of the line and receive income and/or
assets only after the claims of bondholders have been
satisfied. However, 1f interest rates fluctuate, then the
holders of long-term bonds can suffer losses (either
realized or 1n an opportunity cost sense) even though
they receive all contractually due payments. There-
fore. if investors’ worries about “interest rate risk”
versus “‘earming power risk” vary over time, then per-
cerved risk differentials between stocks and bonds. and
hence risk premiums. will also vary.

Any number of events could occur to cause the per-
ceived riskiness of stocks versus bonds to change, but
probably the most pervasive factor. over the 1966~
1984 period. is related to inflation. Inflationary expec-
tations are, of course, reflected in interest rates. There-
fore, one might expect to find a relationship between
risk premiums and interest rates. As we noted in our
discussion of Exhibit 3, risk premiums were positively
correlated with interest rates from 1966 through 1979,
but. beginning in 1980, the relationship turned nega-
tive. A possible explanation for this change is given
next.

19661979 Period. During this period, inflation
heated up. fuel prices soared, environmental problems

surfaced, and demand for electricity slowed even as
expensive new generating units were nearing comple-
tion These cost increases required offsetting rate hikes
to maintain profit levels. However. political pressure.
combined with administrative procedures that were not
designed to deal with a volatile economic environ-
ment, led to long periods of “regulatory lag” that
caused utilities” earned ROEs to decline in absolute
terms and to fall far below the cost of equity. These
factors combined to cause utility stockholders to expe-
rience huge losses: S&P’s Electric Index dropped from
a mud-1960s high of 60.90 to a mid-1970s low of
20 41, a decrease of 66.5%. Industrial stocks also suf-
fered losses during this period, but, on average, they
were only one third as severe as the utilities™ losses.
Similarly, investors 1n long-term bonds had losses, but
bond losses were less than half those of utility stocks.
Note also that, during this period, (1) bond investors
were able to reinvest coupons and maturity payments
at rising rates, whereas the earned returns on equity did
not rise, and (i1) utilities were providing a rising share
of their operating income to debtholders versus stock-
holders (interest expense/book value of debt was ris-
g, while net income/common equity was declining)
This led to a widespread belief that utility commissions
would provide enough revenues to keep utilities from
going bankrupt (barring a disaster), and hence to pro-
tect the bondholders, but that they would not necessar-
ily provide enough revenues either to permit the ex-
pected rate of dividend growth to occur or, perhaps.
even to allow the dividend to be maintained.
Because of these experiences, investors came to re-
gard inflation as having a more negative effect on
utility stocks than on bonds. Therefore, when fears of
inflation ncreased, utilities’ measured risk premiums
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Exhibit 10. Relative Volatility* of Stocks and Bonds. 1965-1984

volatility
Index

25 ¢

20 F

S&P 500

Y pmmem

15 ¢
High Grade
10 Corporate Bonds — »=~
e T T e T T T e e
5 ’_.,-—“'
e ? T

O & e A 4 g 1 2 2 e 'y 2 A, A A A iy - 2 - i

1965 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84

*Volatihity 1s measured as the standard deviation of total returns over the last § years

Source Merrit! Lynch. Quantiiarne Anahsis. May:June 1984

also increased. A regression over the pertod
19661979, using our Exhibit 2 data. produced this
result.

RP = 0.30% + 0.73 R.: r = 0.48.

(0.22)

This indicates that a one percentage point increase in
the Treasury bond rate produced. on average, a (.73
percentage point increase in the risk premium, and
hencea 1.00 + 0.73 = 1.73 percentage pointncrease
m the cost of equity for utilities.

1980-1984 Period. The situation changed dra-
matically in 1980 and thereafter. Except for a few
companies with nuclear construction problems, the
utilities” financial situations stabilized in the early
1980s, and then improved significantly from 1982 to
1984. Both the companies and their regulators were
learning to live with inflation: many construction pro-
grams were completed; regulatory lags were short-
ened: and in general the situation was much better for
utility equity investors. In the meantime, over most of
the 1980-1984 period, interest rates and bond prices
fluctuated violently, both in an absolute sense and rela-
tive to common stocks. Exhibit 10 shows the volatility
of corporate bonds very clearly. Over most of the eigh-
teen-year period, stock returns were much more vola-
tile than returns on bonds. However, that situation
changed in October 1979, when the Fed began to focus

on the money supply rather than on interest rates.”

In the 1980-1984 period. an increase in inflationary
expectations has had a more adverse effect on bonds
than on utility stocks. If the expected rate of inflation
increases. then interest rates will increase and bond
prices will fall Thus, uncertainty about inflation trans-
lates directly into risk in the bond markets The effect
of inflation on stocks. including utility stocks, 1s less
clear. If inflation increases. then utilities should. in
theory, be able to obtain rate increases that would
offset increases 1n operating costs and also compensate
for the higher cost of equity. Thus. with “proper” regu-
lation, utility stocks would provide a better hedge
against unanticipated inflation than would bonds. This
hedge did not work at all well during the 1966-1979
period, because inflation-induced increases in operat-
ing and capital costs were not offset by timely rate
increases. However, as noted earlier. both the utilities
and their regulators seem to have learned to live better
with inflation during the 1980s.

Since 1nflation is today regarded as a major invest-
ment risk, and since utility stocks now seem to provide
a better hedge against unanticipated inflation than do

“Because the standard deviations in Exhibit 10 are based on the last five
years of data. even if bond returns stabilize, as they did beginning 1n
1982, their reported volauhity will remain tugh for several more years
Thus. Extubit 10 gives a rough indication of the current relative riski-
ness of stocks versus bonds. but the measure 15 by no means precise or
necessarily indicative of future expectations
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bonds, the interest-rate risk inherent in bonds offsets,
to a greater extent than was true earlier, the higher
operating risk that is inherent in equities. Therefore,
when inflationary fears rise, the perceived riskiness of
bonds rises, helping to push up interest rates. Howev-
er, since investors are today less concerned about infla-
tion’s impact on utility stocks than on bonds, the utili-
ties' cost of equity does not rise as much as that of
debt. so the observed risk premium tends to fall.
For the 1980-1984 penod, we found the following
relationship (see Exhibit 6):
RP = 12.53% -~ 0.63 R,: r = 0.73.
{0 05)

Thus, a one percentage point increase in the T-bond
rate, on average, caused the risk premium to fali by
0 63%, and hence it led to a 1.00 — 063 = 0.37
percentage point tncrease in the cost of equity to an
average utility. This contrasts sharply with the pre-
1980 period, when a one percentage point increase in
interest rates led, on average, to a | 73 percentage
point increase in the cost of equity.

Summary and Implications

We began by reviewing a number of earlier studies.
From them, we concluded that, for cost of capital
estimation purposes, risk premiums must be based on
expectations, not on past realized holding period re-
turns. Next, we noted that expectational risk premiums
may be estimated either from surveys. such as the ones
Charles Benore has conducted, or by use of DCF tech-
niques. Further, we found that, although growth rates
for use m the DCF model can be either developed from
time-series data or obtained from securnity analysts,
analysts’ growth forecasts are more reflective of inves-
tors” views, and. hence, in our opinion are preferable
for use in risk-premium studies.

Using analysts’ growth rates and the DCF model,
we estimated risk premiums over several different pe-
riods. From 1966 to 1984, risk premiums for both
electric utilities and industrial stocks varied widely
from year to year Also. during the first half of the
period, the utilities had smaller risk premiums than the
industrials, but after the mid-1970s, the risk premiums
for the two groups were, on average. about equal.

The effects of changing interest rates on risk premi-
ums shifted dramatically in 1980, at least for the utili-
ties. From 1965 through 1979, inflation generally had
a more severe adverse effect on utility stocks than on
bonds, and, as a result, an increase in inflationary
expectations, as reflected in interest rates, caused an
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increase in equity risk premiums. However, in 1980
and thereafter, rising inflation and interest rates in-
creased the perceived riskiness of bonds more than that
of utility equities, so the relationship between interest
rates and utility risk premiums shifted from positive to
negative. Earlier, a 1.00 percentage point increase in
interest rates had led. on average, to a 1.73% increase
in the utilities’ cost of equity, but after 1980 a 1.00
percentage point increase in the cost of debt was asso-
ciated with an increase of only 0.37% in the cost of
equity.

Our study also has implications for the use of the
CAPM to estimate the cost of equity for utilities. The
CAPM studies that we have seen typically use either
Ibbotson-Sinquefield or similar historic holding period
returns as the basis for estimating the market risk pre-
mium. Such usage imphcitly assumes (i) that ex post
returns data can be used to proxy ex ante expectations
and (1) that the market risk premium is relatively sta-
ble over time. Our analysis suggests that neither of
these assumptions is correct; at least for utility stocks,
ex post returns data do not appear to be reflective of ex
ante expectations, and risk premiums are volatile, not
stable.

Unstable risk premiums also make us question the
FERC and FCC proposals to estimate a risk premium
for the utilities every two years and then to add this
premum to a current Treasury bond rate to determine a
utility's cost of equity. Administratively, this proposal
would be easy to handle, but risk premiums are simply
too volatile to be left in place for two years.
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The Capital Asset Pricing Model:
Theory and Evidence

Eugene F. Fama and Kenneth R. French

he capital asset pricing model (CAPM) of William Sharpe (1964) and John

Lintner (1965) marks the birth of asset pricing theory (resulting in a

Nobel Prize for Sharpe in 1990). Four decades later, the CAPM is still
widely used in applications, such as estimating the cost of capital for firms and
evaluating the performance of managed portfolios. It is the centerpiece of MBA
investment courses. Indeed, it is often the only asset pricing model taught in these
courses.'

The attraction of the CAPM is that it offers powerful and intuitively pleasing
predictions about how to measure risk and the relation between expected return
and risk. Unfortunately, the empirical record of the model is poor—poor enough
to invalidate the way it is used in applications. The CAPM’s empirical problems may
reflect theoretical failings, the result of many simplifying assumptions. But they may
also be caused by difficulties in implementing valid tests of the model. For example,
the CAPM says that the risk of a stock should be measured relative to a compre-
hensive “market portolio” that in principle can include not just traded financial
assets, but also consumer durables, real estate and human capital. Even if we take
a narrow view of the model and limit its purview to traded financial assets, is it

" Although every asset pricing model 1s a capital asset pricing model, the finance profession rescrves the
acronym CAPM for the specific model of Sharpe (1964), Lintner (1965) and Black (1972) discussed
here. Thus, throughout the paper we refer to the Sharpe-Lintner-Black model as the CAPM.

m Eugene F. Iama is Robert R. McCormick Distinguished Service Professor of Finance,
Graduate School of Business, Unwversity of Chicago, Chicago, Hllinois. Kenneth R. French is
Carl E. and Catherine M. Heidt Professor of Finance, Tuck School of Business, Dartmouth
College, Hanover, New Hampshire. Their e-mail addresses are {eugene.fama@gsb.uchicago.
edu)y and (kfrench@dartmouth.eduy, respectively.
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legitimate to limit further the market portfolio to U.S. common stocks (a typical
choice), or should the market be expanded to include bonds, and other financial
asscts, perhaps around the world? In the end, we argue that whether the model’s
problems reflect weaknesses in the theory or in its empirical implementation, the
failure of the CAPM in empirical tests implies that most applications of the model
are invalid.

We begin by outlining the logic of the CAPM, focusing on its predictions about
risk and expected return. We then review the history of empirical work and what it
says about shortcomings of the CAPM that pose challenges to be explained by
alternative models.

The Logic of the CAPM

The CAPM builds on the model of portfolio choice developed by Harry
Markowitz (1959). In Markowitz’s model, an investor selects a portfolio at time
t — 1 that produces a stochastic returrn at £. The model assumes investors are risk
averse and, when choosing among portfolios, they carc only about the mean and
variance of their one-period investment return. As a result, investors choose “mean-
variance-efficient” portfolios, in the sense that the portfolios 1) minimize the
variance of portfolio return, given expected return, and 2) maximize expected
return, given variance. Thus, the Markowitz approach is often called a “mean-
variance model.”

The portfolio model provides an algebraic condition on asset weights in mean-
variance-efficient portfolios. The CAPM turns this algebraic statement into a testable
prediction about the relation between risk and expected return by identifying a
portfolio that must be efficient if asset prices are to clear the market of all assets.

Sharpe (1964) and Lintner (1965) add two key assumptions to the Markowitz
model to identify a portfolio that must be mean-variance-efficient. The first assump-
tion is complete agreement: given market clearing asset prices at ¢ — 1, investors agree
on the joint distribution of asset returns from ¢ — 1 to ¢. And this distribution is the
true one—ithat is, it is the distribution from which the returns we use to test the
model are drawn. The second assumption is that there is borrowing and lending at a
risk-free rate, which is the same for all investors and does not depend on the amount
borrowed or lent.

Figure 1 describes portfolio opportunities and tells the CAPM story. The
horizontal axis shows portfolio risk, measured by the standard deviation of porifolio
return; the vertical axis shows expected return. The curve abe, which is called the
minimum variance frontier, traces combinations of expected return and risk for
portfolios of risky assets that minimize return variance at different levels of ex-
pected return. (These portfolios do not include risk-free borrowing and lending.)
The tradeoff between risk and expected return for minimum variance portfolios is
apparent. For example, an investor who wants a high expected return, perhaps at
point a, must accept high volatility. At point 7, the investor can have an interme-
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Figure 1
Investment Opportunities
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diate expected return with lower volatility. If there is no risk-free borrowing or
lending, only portfolios above b along abc are mean-variance-efficient, since these
portfolios also maximize expected return, given their return variances.

Adding risk-free borrowing and lending turns the efficient set into a straight
line. Consider a portfolio that invests the proportion x of portfolio funds in a
risk{ree security and 1 — x in some portfolio g. If all funds are invested in the
risk-free security—that is, they are loaned at the risk-free rate of interest—the result
is the point R, in Figure 1, a portfolio with zero variance and a risk-free rate of
return. Combinations of risk-free lending and positive investiment in g plot on the
straight line between R, and g. Points (o the right of g on the line represent
borrowing at the risk-frce rate, with the proceeds from the borrowing used to
increase investment in portfolio g In short, portfolios that combine risk-free
lending or borrowing with some risky portfolio g plot along a straight line from R,
through g in Figure 1.

? Formally, the return, expected return and standard deviation of retun on portfolios of the risk-free
asset fand a risky porifolio g vary with x, the proportion of portfolio funds invested in f, as
R,= xR+ (1 — x)R,,
E(R,) = xR, + (1 = x)E(R)),
a(R,) = (1 - xo(R), x= 1.0,

which together imply that the portfolios plot along the line from R, through g in Figuie 1.
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To obtain the mean-variance-efficient portfolios available with risk-free bor-
rowing and lending, one swings a line from R, in Figure 1 up and to the left as far
as possible, (o the tangency portfolio 7. We can then see that all efficient portfolios
are combinations of the riskfree asset (either risk-free borrowing or lending) and
a single risky tangency portfolio, T. This key result is Tobin’s (1958) “separation
theorem.”

The punch line of the CAPM is now straightforward. With complete agreement
about distributions of returns, all investors sec the same opportunity set (Figure 1),
and they combine the same risky tangency portfolio T with risk-free lending or
borrowing. Since all investors hold the same portfolio T of risky assets, it must be
the value-weight market portfolio of risky assets. Specifically, each risky asset’s
weight in the tangency portfolio, which we now call M (for the “market”), must be
the total market value of all outstanding units of the asset divided by the total
market value of all risky assets. In addition, the risk-free rate must be set (along with
the prices of risky assets) to clear the market for risk-free borrowing and lending.

In short, the CAPM assumptions imply that the market portfolio M must be on
the minimum variance frontier if the asset market is to clear. This mcans that the
algebraic relation that holds for any minimum variance portfolio must hold for the
market portfolio. Specifically, if there are N risky assets,

(Minimum Variance Condition for M) ER) = F(R,,,)
+ [E(RM) - E(‘I{ZA’I)]BU\/I’ Z: 17 R N

In this equation, E(R,) is the expected return on asset 7, and f3,,,, the market beta
of asset 7, is the covariance of its return with the market return divided by the
variance of the market return,

cov(R,, Ry)

(Market Beta) B,y = R
A

The first term on the right-hand side of the minimum variance condition,
(R, , s the expected return on assets that have market betas equal to zero,
which means their returns arc uncorrelated with the market return. The second
term is a risk premium—the market beta of asset 2, 3,,,, times the premium per
unit of beta, which is the expected market return, E(R,,), minus E(R ;).

Since the market beta of asset i is also the slope in the regression of its return
on the market return, a common (and correct) interpretation of beta is that it
measures the sensitivity of the asset’s return to variation in the market return. But
there is another interpretation of beta more in line with the spirit of the portfolio
model that underlies the CAPM. The risk of the market portfolio, as measured by
the variance of its return (the denominator of $,,,), is a weighted average of the
covariance risks of the assets in M (the numerators of B,,, for different assets).
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Thus, B,,, is the covariance risk of asset » in M measured relative to the average
covariance risk of assets, which is just the variance of the market return.” In
econoniic terms, B,,, is proportional to the risk each dollar invested in asset ¢
contributes to the market portfolio.

The last step in the development of the Sharpe-Lintmer model is to use the
assumption of risk-free borrowing and lending to nail down E(R,,,), the expected
return on zero-beta assets. A risky asset’s return is uncorrelated with the market
return—its beta is zero—when the average of the assel’s covariances with the
returns on other assets just offsets the variance of the asset’s return. Such a risky
asset is riskless in the market portfolio in the sense that it contributes nothing 1o the
variance of the market return.

When there is risk-free borrowing and lending, the expected return on assets
that are uncorrelated with the market return, L(R,,,), must equal the risk-free rate,
R, The relation between expected return and beta then becomes the familiar
Sharpe-Lintner CAPM equation,

(Sharpe-Lintner CAPM)  H(R) = R, + [E(Ry) — R)1Bm,i=1,..., N.

In words, the expected return on any asset ¢ is the risk-free interest rate, R, plus a
risk premium, which is the asset’s market beta, 3,,,, times the premium per unit of
beta risk, E(R,) — R,

Unrestricted risk-free borrowing and lending is an unrealistic assumption.
Fischer Black (1972) develops a version of the CAPM without risk-free borrowing or
lending. He shows that the CAPM’s key result—that the market porifolio is mean-
variance-efficient—can be obtained by instead allowing unrestricted short sales of
risky assets. In brief, back in Figure 1, if there is no risk-free asset, investors select
portfolios from along the mean-variance-efficient frontier from a to 5. Market
clearing prices imply that when one weights the efficicnt portfolios chosen by
investors by their (positive) shares of aggregate invested wealth, the resulting
portfolio is the market portfolio. The market portfolio is thus a portfolio of the
efficient portfolios chosen by investors. With unrestricted short selling of risky
assets, porifolios made up of efficient portfolios are themselves efficient. Thus, the
market portfolio is efficient, which means that the minimum variance condition for
M given above holds, and it is the expected return-risk relation of the Black CAPM.

The relations between cxpected return and market beta of the Black and
Sharpe-Lintner versions of the CAPM differ only in terms of what each says about
E(R,,,), the expected return on assets uncorrelated with the market. The Black
version says only that E(R,,,) must be less than the expected market return, so the

4 Formally, if x,,, 15 the weight of asset 7 in the maiket portfolio, then the variance of the portfolio’s
return is

Y \

GHRy) = Cov( Ry, Ry = Cov| 2 xRy Ry | = D aCon(R, Ryy).

=1 =1
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premium for beta is positive. In contrast, in the Sharpe-Lintner version of the
model, E(R,,,) must be the risk-[ree interest rate, R, and the premium per unit of
beta risk is E(R,) — R,

The assumption that short selling is unrestricted is as unrealistic as unre-
stricted risk-free borrowing and lending. If there is no risk-free asset and short sales
of risky assets are not allowed, mean-variance investors still choose efficient
portfolios—points above & on the abc curve in Figure 1. But when there is no short
selling of risky assets and no risk-frce asset, the algebra of portfolio efficiency says
that portfolios made up of efficient portfolios are not typically efficient. This means
that the market portfolio, which is a portolio of the efficient portfolios chosen by
investors, is not typically efficient. And the CAPM relation between expected return
and market beta is lost. This does not rule out predictions about expected return
and betas with respect to other efficient portfolios—if theory can specify portlolios
that must be efficient if the market is to clear. But so far this has proven impossible.

In short, the familiar CAPM equation relating expected asset returns to their
market betas is just an application to the market portlolio of the relation between
expected return and portfolio beta that holds in any mean-variance-efficient port-
folio. The efficiency of the market portfolio is based on many unrealistic assump-
tions, including complete agreement and either unrestricted risk-free borrowing
and lending or unrestricted short selling of risky assets. But all interesting models
involve unrealistic simplifications, which is why they must be tested against data.

Early Empirical Tests

Tests of the CAPM are based on three implications of the relation between
expected return and market beta implied by the model. First, expected returns on
all assets are linearly related to their betas, and no other variable has marginal
explanatory power. Second, the beta premium is positive, meaning that the ex-
pected return on the market portfolio exceeds the expected return on assets whose
returns are uncorrelated with the market return. Third, in the Sharpe-Lintner
version of the model, assets uncorrelated with the market have expected returns
equal to the riskHfree interest rate, and the beta premium is the expected market
return minus the risk-{rec rate. Most tests of these predictions use either cross-
section or time-=series regressions. Both approaches date to early tests of the model.

Tests on Risk Premiums

The early cross-section regression tests focus on the Sharpe-Lintner model’s
predictions about the intercept and slope in the relation between expected return
and market beta. The approach is to regress a cross-section of average asset returns
on cstlimates of asset betas. The model predicts that the intercept in these regres-
sions is the risk-free interest rate, R/, and the coefficient on beta is the expected
return on the market in excess of the risk-free rate, E(Ry) — R,

Two problems in these tests quickly became apparent. First, estimates of beta
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for individual assets are imprecise, creating a measurcment error problem when
they are uscd to explain average returns. Sccond, the regression residuals have
common sources of variation, such as industry effects in average returns. Positive
correlation in the residuals produces downward bias in the usual ordinary least
squares estimates of the standard errors of the cross-section regression slopes.

To improve the precision of estimated betas, rescarchers such as Blume
(1970), Friend and Blume (1970) and Black, Jensen and Scholes (1972) work with
portfolios, rather than individual securities. Since expected returns and market
betas combine in the same way in portfolios, if the CAPM explains security returns
it also explains portfolio returns.” Estimates of beta for diversified portfolios are
more precise than estimates for individual securities. Thus, using portfolios in
cross-section regressions of average returns on betas reduces the critical errors in
variables problem. Grouping, however, shrinks the range of betas and reduces
statistical power. To mitigate this problem, researchers sort securities on beta when
forming portfolios; the first portfolio contains securities with the lowest betas, and
so on, up to the last portfolio with the highest beta assets. This sorting procedure
is now standard in empirical tests.

Fama and MacBeth (1973) propose a method for addressing the inference
problem caused by correlation of the residuals in cross-section regressions. Instead
of estimating a single cross-section regression of average monthly returns on betas,
they estimate month-by-month cross-section regressions of monthly returns on
betas. The times-scries means of the monthly slopes and intercepts, along with the
standard errors of the means, are then used to test whether the average premium
for beta is positive and whether the average return on assets uncorrelated with the
market is equal to the average risk-free interest rate. In this approach, the standard
errors of the average intercept and slope are determined by the month-to-month
variation in the regression coefficients, which fully captures the effects of residual
correlation on variation in the regression coefficients, but sidesteps the problem of
actually estimating the correlations. The residual correlations are, in effect, cap-
tured via repeated sampling of the regression coefficients. This approach also
becomes standard in the literature.

Jensen (1968) was the first to note that the Sharpe-Lintmer version of the

! Formally, if x4, 1= 1, ..., N, arc the weights for assets in some portfolio p, the expected return and
market beta for the portfolio are related to the expected returns and betas of assets as
N N
E(R,) = E x,E(R), and B, = E %4Byar-
=1 =1
Thus, the CAPM 1elation between expected return and beta,

E(R) = E(R/) + [E(Ry) — E(R/)]B“m

holds when asset ¢ 1s a portfolio, as well as when ¢ is an ndividual security.
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relation between expected return and market beta also implies a time-scries re-
gression test. The Sharpe-Lintner CAPM says that the expected value of an asset’s
excess return (the asset’s return minus the risk-free interest rate, R, — R/) Is
completely explained by its expected CAPM risk premium (its beta times the
expected value of Ry;, — R),). This implies that “Jensen’s alpha,” the intercept term
in the time-series regression,

(Time-Series Regression) R, — R, = a, + By(Ry, — R,) + &,

is zero for each asset.

The early tests firmly reject the Sharpe-Lintner version of the CAPM. There is
a positive relation between beta and average return, but it is too “flat.” Recall that,
in cross-section regressions, the Sharpe-Lintmer model predicts that the intercept is
the risk-free rate and the coefficient on beta is the expected market return in excess
of the riskfree rate, E(R,) — R, The regressions consistently find that the
intercept is greater than the average risk-free rate (typically proxied as the return
on a one-month Treasury bill), and the coefficient on beta is less than the average
excess market return (proxied as the average return on a portfolio of U.S. common
stocks minus the Treasury bill rate). This is true in the early tests, such as Douglas
(1968), Black, Jensen and Scholes (1972), Miller and Scholes (1972), Blume and
Friend (1973) and Fama and MacBeth (1973), as well as in more recent cross-
section regression tests, like Fama and French (1992).

The evidence that the relation between beta and average return is too flat is
confirmed in time-series tests, such as Friend and Blume (1970), Black, Jensen and
Scholes (1972) and Stambaugh (1982). The intercepts in time-series regressions of
excess asset returns on the excess market return are positive for assets with low betas
and negative for assets with high betas.

Figure 2 provides an updated example of the evidence. In December of each
year, we estimate a preranking beta for every NYSE (1928-2003), AMEX (1963—
2003) and NASDAQ (1972-2003) stock in the CRSP (Center for Research in
Security Prices of the University of Chicago) database, using two to five years (as
available) of prior monthly returns.” We then form ten value-weight portfolios
based on these preranking betas and compute their returns for the next twelve
months. We repeat this process for each year from 1928 to 2003. The result is
912 monthly returns on ten betasorted portfolios. Figure 2 plots each portfolio’s
average return against its postranking beta, estimated by regressing its monthly
returns for 1928-2003 on the return on the CRSP value-weight portfolio of U.S.
common stocks.

The Sharpe-Lintner CAPM predicts that the portfolios plot along a straight

®To be inciuded in the sample for yeat 1, a security must have market equity data (price times shares
outstanding) for December of ¢ — 1, and CRSP must classify it as ordinary common equity. Thus, we
exclude secunties such as American Depository Receipts (ADRs) and Real Estate Investment Trusts
(REITS).
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Figure 2
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on Prior Beta, 1928 -2003
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line, with an intercept equal to the risk-frce rate, R/, and a slope equal to the
expecied excess return on the market, E(R,,) — R, We use the average one-month
Treasury bill rate and the average excess CRSP market return for 1928-2003 to
estimate the predicted line in Figure 2. Confirming earlier evidence, the relation
between beta and average return for the ten portfolios is much flatter than the
Sharpe-Lintner CAPM predicts. The returns on the low beta portfolios are too high,
and the returns on the high beta portfolios are too low. For example, the predicted
return on the portfolio with the lowest beta is 8.3 percent per year; the actual return
is 11.1 percent. The predicted return on the portolio with the highest beta is
16.8 percent per year; the actual is 13.7 percent.

Although the observed premium per unit of beta is lower than the Sharpe-
Lintner model predicts, the relation between average return and beta in Figure 2
is roughly linear. This is consistent with the Black version of the CAPM, which
predicts only that the beta premium is positive. Even this less restrictive model,
however, eventually succumbs to the data.

Testing Whether Market Betas Explain Expected Returns

The Sharpe-Lintner and Black versions of the CAPM share the prediction that
the market portfolio is mean-variance-efficient. This implies that differences in
expected return across securities and portfolios are entirely explained by differ-
ences in market beta; other variables should add nothing to the explanation of
expected return. This prediction plays a prominent role in tests of the CAPM. In
the carly work, the weapon of choice is cross-section regressions.

In the framework of Fama and MacBeth (1973), one simply adds predeter-
mincd explanatory variables to the month-by-month cross-section regressions of
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returns on beta. If all differences in expected return are explained by beta, the
average slopes on the additional variables should not be reliably different from
zero. Clearly, the trick in the cross-section regression approach is to choose specific
additional variables likely to expose any problems of the CAPM prediction that,
because the market portfolio is efficient, market betas suffice to explain expected
asset returns.

For example, in Fama and MacBeth (1973) the additional variables are
squared market betas (to test the prediction that the relation between expected
return and beta is linear) and residual variances from regressions of returns on the
market return (to test the prediction that market beta is the only measure of risk
needed to explain expected returns). These variables do not add to the explanation
of average returns provided by beta. Thus, the results of Fama and MacBeth (1973)
are consistent with the hypothesis that their market proxy—an equal-weight port-
folio of NYSE stocks—is on the minimum variance frontier.

The hypothesis that market betas completely explain expected returns can also
be tested using time-series regressions. In the time-series regression described
above (the cxcess returny on asset ¢ regressed on the excess market return), the
intercept is the difference between the asset’s average excess return and the excess
return predicted by the Sharpe-Lintner model, that is, beta times the average excess
market return. If the model holds, there is no way to group assets into portfolios
whose intercepts are reliably different from zero. For example, the intercepts for a
portfolio of stocks with high ratios of carnings to price and a portfolio of stocks with
low earning-price ratios should both be zero. Thus, to test the hypothesis that
market betas suffice to explain expected returns, one estimates the lime-series
regression for a set of assets (or portfolios) and then jointly tests the vector of
regression intercepts against zero. The trick in this approach is to choosc the
left-hand-side assets (or portfolios) in a way likely to expose any shortcoming of the
CAPM prediction that market betas suffice to explain expected asset returns.

In early applications, rescarchers use a variety of tests to determine whether
the intercepts in a set of time-series regressions are all zero. The tests have the same
asymptotic properties, but there is controversy about which has the best small
sample properties. Gibbons, Ross and Shanken (1989) settle the debate by provid-
ing an F-est on the intercepts that has exact smallsample properties. They also
show that the test has a simple economic interpretation. In effect, the test con-
structs a candidate for the tangency portfolio 7" in Figure 1 by optimally combining
the market proxy and the left-hand-side assets of the time-series regressions. The
estimator then tests whether the efficient set provided by the combination of this
tangency portfolio and the risk-free asset is reliably superior to the one obtained by
combining the riskfree asset with the market proxy alone. In other words, the
Gibbons, Ross and Shanken statistic tests whether the market proxy is the tangency
portfolio in the set of portfolios that can be constructed by combining the market
portfolio with the specific assets used as dependent variables in the time-series
regressions.

Enlightened by this insight of Gibbons, Ross and Shanken (1989), one can see

10924



Workpaper 20
Page 11 of 22

Lugene I Fama and Kenneth R. Irench 35

a similar interpretation of the cross-section regression test of whether market betas
suffice to explain expected returns. In this case, the test is whether the additional
explanatory variables in a cross-section regression identify patterns in the returns
on the left-hand-side assets that are not explained by the assets’ market betas. This
amounts to testing whether the market proxy is on the minimum variance {rontier
that can be constructed using the market proxy and the left-hand-side assets
included in the tests.

An important lesson from this discussion is that time-series and cross-section
regressions do not, strictly speaking, test the CAPM. What is literally tested is
whether a specific proxy for the market portfolio (typically a portfolio of U.S.
common stocks) is efficient in the set of porufolios that can be constructed from it
and the left-hand-side assets used in the test. One might conclude from this that the
CAPM has never been tested, and prospects for testing it are not good because
1) the set of left-hand-side assets does not include all marketable assets, and 2) data
for the true market portfolio of all assets are likely beyond reach (Roll, 1977; more
on this later). But this criticism can be leveled at tests of any economic model when
the tests are less than exhaustive or when they use proxies for the variables called
for by the model.

The bottom line from the early cross-section regression tests of the CAPM,
such as Fama and MacBeth (1973), and the early tile-series regression tests, like
Gibbons (1982) and Stambaugh (1982), is that standard market proxies seem to be
on the minimum variance frontier. That is, the central predictions of the Black
version of the CAPM, that market betas suffice to explain expected returns and that
the risk premium for beta is positive, seem to hold. But the more specific prediction
of the Sharpe-Lintiier CAPM that the premium per unit of beta is the expected
market return minus the risk-free interest rate is consistently rejected.

The success of the Black version of the CAPM in early tests produced a
consensus that the model is a good description of expected returns. These early
results, coupled with the model’s simplicity and intuitive appeal, pushed the CAPM
to the forefront of finance.

Recent Tests

Starting in the late 1970s, empirical work appears that challenges cven the
Black version of the CAPM. Specifically, evidence mounts that much of the varia-
tion in expected return is unrelated to market beta.

The first blow is Basu’s (1977) evidence that when common stocks are sorted
on earnings-price ratios, future returns on high E/P stocks are higher than pre-
dicted by the CAPM. Banz (1981) documents a size effect: when stocks are sorted
on market capitalization (price times shares outstanding), average returns on small
stocks are higher than predicted by the CAPM. Bhandari (1988) finds that high
debt-equity ratios (book value of debt over the market value of equity, a measure of
leverage) are associated with returns that are too high relative to their market betas.

10925



Workpaper 20
Page 12 of 22

36 Journal of Economic Perspectives

Finally, Statman (1980) and Rosenberg, Reid and Lanstein (1985) document that
stocks with high book-to-market equity ratios (B/M, the ratio of the book value of
a common stock to its market value) have high average returns that are not
captured by their betas.

There is a theme in the contradictions of the CAPM summarized above. Ratios
involving stock prices have information about expected returns missed by market
betas. On reflection, this is not surprising. A stock’s price depends not only on the
expected cash flows it will provide, but also on the expected returns that discount
expected cash flows back to the present. Thus, in principle, the cross-section of
prices has information about the cross-section of expected returns. (A high ex-
pected return implies a high discount rate and a low price.) The crosssection of
stock prices is, however, arbitrarily affected by differences in scale (or units). But
with a judicious choice of scaling variable X, the ratio X/ P can reveal differences
in the cross-scction of expected stock returns. Such ratios are thus prime candidates
to expose shortcomings of asset pricing models—in the case of the CAPM, short-
comings of the prediction that market betas suffice to explain expected returns
(Ball, 1978). The contradictions of the CAPM summarized above suggest that
earnings-price, debt-equity and book-to-market ratios indeed play this role.

Fama and French (1992) update and synthesize the evidence on the empirical
failures of the CAPM. Using the cross-section regression approach, they confirm
that size, earnings-price, debt-equity and book-to-market ratios add to the explana-
tion of expected stock returns provided by market beta. Fama and French (1996)
recach the same conclusion using the time-series regression approach applied to
portfolios of stocks sorted on price ratios. They also find that different price ratios
have much the same information about expected returns. This is not surprising
given that price is the common driving force in the price ratios, and the numerators
arc just scaling variables used to extract the information in price about expected
returns.

Fama and French (1992) also confirm the evidence (Reinganum, 1981; Stam-
baugh, 1982; Lakonishok and Shapiro, 1986) that the relation betwecen avcrage
return and beta for common stocks is even flatter after the sample periods used in
the early empirical work on the CAPM. The estimate of the beta premium is,
however, clouded by statistical uncertainty (a large standard error). Kothari, Shan-
ken and Sloan (1995) try to resuscitate the Sharpe-Lintner CAPM by arguing that
the weak relation between average return and beta is just a chance result. But the
strong evidence that other variables capture variation in expected return missed by
beta makes this argument irrclevant. If betas do not suffice to explain expected
returns, the market portfolio is not efficient, and the CAPM is dead in its tracks.
Evidence on the size of the market premium can neither save the model nor further
doom it.

The synthesis of the evidence on the empirical problems of the CAPM pro-
vided by Fama and French (1992) serves as a catalyst, marking the point when it is
generally acknowledged that the CAPM has potentially fatal problems. Research
then turns to explanations.
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One possibility is that the CAPM’s problems are spurious, the result of data
dredging—publication-hungry researchers scouring the data and unearthing con-
tradictions that occur in specific samples as a result of chance. A standard response
to this concern is to test for similar findings in other samples. Chan, Hamao and
Lakonishok (1991) find a strong relation between book-to-market equity (B/M)
and average return for Japanese stocks. Capaul, Rowley and Sharpe (1993) observe
a similar B/M effect in four European stock markets and in Japan. I'ama and
French (1998) find that the price ratios that produce problems for the CAPM in
U.S. data show up in the same way in the stock returns of twelve non-U.S. major
markets, and they are present in emerging market returns. This evidence suggests
that the contradictions of the CAPM associated with price ratios are not sample
specific.

Explanations: Irrational Pricing or Risk

Among those who conclude that the empirical failures of the CAPM are fatal,
two stories emerge. On one side are the behavioralists. Their view is based on
evidence that stocks with high ratios of book value to market price are typically
firms that have fallen on bad times, while low B/M is associated with growth firms
(Lakonishok, Shleifer and Vishny, 1994; Fama and French, 1995). The behavior-
alists argue that sorting firms on book-to-market ratios exposes investor overreac-
tion to good and bad times. Investors overextrapolate past performance, resulting
in stock prices that are too high for growth (low B/M) firms and too low for
distressed (high B/M, so-called value) firms. When the overrcaction is eventually
corrected, the result is high returns for value stocks and low returns for growth
stocks. Proponents of this view include DeBondt and Thaler (1987), Lakonishok,
Shleifer and Vishny (1994) and Haugen (1995).

The second story for explaining the empirical contradictions of the CAPM is
that they point to the need for a more complicated asset pricing model. The CAPM
is based on many unrealistic assumptions. For example, the assumption that
investors care only about the mean and variance of one-period portfolio returns is
extreme. It is reasonable that investors also care about how their portfolio return
covaries with labor income and future investment opportunities, so a portiolio’s
return variance misses important dimensions of risk. If so, market beta is not a
complete description of an asset’s risk, and we should not be surprised to find that
differences in expected return are not completely explained by differences in beta.
In this view, the search should turn to asset pricing models that do a better job
explaining average returns.

Merton’s (1973) intertemporal capital asset pricing model (ICAPM) is a
natural extension of the CAPM. The ICAPM begins with a different assumption
about investor objectives. In the CAPM, investors care only about the wealth their
portfolio produces at the end of the current period. In the ICAPM, investors are
concerned not only with their end-of-period payofl, but also with the opportunitics
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they will have to consume or invest the payoff. Thus, when choosing a portfolio at
time ¢ — 1, ICAPM investors consider how their wealth at ¢ might vary with future
state variables, including labor income, the prices of consumption goods and the
nature of portfolio opportunities at {, and expectations about the labor income,
consumption and investment opportunities to be available after ¢.

Like CAPM investors, ICAPM investors prefer high expected return and low
return variance. But ICAPM investors are also concerned with the covariances of
portfolio returns with state variables. As a result, optimal portfolios are “multifactor
efficient,” which means they have the largest possible expected returns, given their
return variances and the covariances of their returns with the relevant state
variables.

Fama (1996) shows that the ICAPM generalizes the logic of the CAPM. That is,
if there is risk-free borrowing and lending or if short sales of risky assets are allowed,
market clearing prices imply that the market portfolio is multifactor efficient.
Moreover, multifactor efficiency implies a relation between expected return and
beta risks, but it requires additional betas, along with a market beta, to explain
expected returns.

An ideal implementation of the ICAPM would specify the state variables that
affect expected returns. Fama and French (1993) take a more indirect approach,
perhaps more in the spirit of Ross’s (1976) arbitrage pricing theory. They argue
that though size and book-to-market equity are not themselves state variables, the
higher average returns on small stocks and high book-to-market stocks reflect
unidentified state variables that producc undiversifiable risks (covariances) in
returns that are not captured by the market return and are priced separately {from
market betas. In support of this claim, they show that the returns on the stocks of
small firms covary more with one another than with returns on the stocks of large
firms, and returns on high book-to-market (value) stocks covary more with one
another than with returns on low book-to-market (growth) stocks. Fama and
French (1995) show that there are similar size and book-to-market patterns in the
covariation of fundamentals like earnings and salcs.

Based on this evidence, Faina and French (1993, 1996) propose a three-{actor
model for expected returns,

(Three-Factor Model) IAR,) — R, = BuylIARy,) — R,]
+ BLE(SMB,) + B, L(HML,).

In this equation, SMB, (small minus big) is the difference between the returns on
diversified portfolios of small and big stocks, HML, (high minus low) is the
difference between the returns on diversified portfolios of high and low B/M
stocks, and the betas are slopes in the multiple regression of R,, — R, on Ry, — Ry,
SMB, and HML,.

For perspective, the average value of the market premium R, — R, for
1927-2003 is 8.3 percent per year, which is 3.5 standard errors from zero. The
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average values of SMB,, and HML, are 3.6 percent and 5.0 percent per year, and
they are 2.1 and 3.1 standard errors from zero. All three premiums are volatile, with
annual standard deviations of 21.0 percent (R, — R,), 14.6 percent (SMB,) and
14.2 percent (HML,) per year. Although the average values of the premiums are
large, high volatility implies substantial uncertainty about the true expected
premiums.

One implication of the expected return equation of the three-factor model is
that the intercept ¢, in the tilme-series regression,

R/I - Rﬂ = Q, + BH\/’(]{I‘/“ - Rfl) + BI\SMBI + B/I:HMLI + s

is zero for all assets z. Using this criterion, Fama and French (1993, 1996) find that
the model captures much of the variation in average return for portfolios formed
on size, book-to-market equity and other price ratios that cause problems for the
CAPM. Fama and French (1998) show that an international version of the model
performs better than an international CAPM in describing average returns on
portfolios formed on scaled price variables for stocks in 13 major markets.

The three-factor model is now widely used in empirical research that requires
a model of expected returns. Estimates of a, from the time-series regression above
are used to calibrate how rapidly stock prices respond to new information (for
example, Loughran and Ritter, 1995; Mitchell and Stafford, 2000). They are also
used to measure the special information of portfolio managers, for example, in
Carhart’s (1997) study of mutual fund performance. Among practitioners like
Ibbotson Associates, the model is offered as an alternative to the CAPM for
estimating the cost of equity capital.

From a theoretical perspective, the main shortcoming of the three-factor
model is its empirical motivation. The small-minus-big (SMB) and high-minus-low
(IIML) explanatory returns are not motivated by predictions about state variables
of concern to investors. Instead they are brute force constructs meant to capture
the patterns uncovered by previous work on how average stock returns vary with size
and the book-to-market equity ratio.

But this concern is not fatal. The ICAPM does not require that the additional
portfolios used along with the market portfolio to ecxplain expected returns
“mimic” the relevant state variables. In both the ICAPM and the arbitrage pricing
theory, it suffices that the additional portfolios are well diversified (in the termi-
nology of Fama, 1996, they are multifactor minimum variance) and that they are
sufficiently different {from the market portfolio to capture covariation in returns
and variation in expected returns missed by the market portfolio. Thus, adding
diversified portfolios that capture covariation in returns and variation in average
returns left unexplained by the market is in the spirit of both the ICAPM and the
Ross’s arbitrage pricing theory.

The behavioralists are not impressed by the evidence for a risk-based expla-
nation of the failures of the CAPM. They typically concede that the three-factor
model captures covariation in returns missed by the market return and that it picks
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up much of the size and value effects in average returns left unexplained by the
CAPM. But their view is that the average return premium associated with the
model’s book-to-market factor—which does the heavy lifting in the improvements
to the CAPM—is itself the result of investor overreaction that happens (o be
correlated across firms in a way that just looks like a risk story. In short, in the
behavioral view, the market tries to set CAPM prices, and violations of the CAPM
are due to mispricing.

The conflict between the behavioral irrational pricing story and the rational
risk story for the empirical failures of the CAPM leaves us at a timeworn impasse.
Fama (1970) emphasizes that the hypothesis that prices properly reflect available
information must be tested in the context of a model of expected returns, like the
CAPM. Intuitively, to test whether prices are rational, one must take a stand on what
the market is trying to do in setting prices—that is, what is risk and what is the
relation between expected return and risk? When tests reject the CAPM, one
cannot say whether the problem is its assumption that prices are rational (the
behavioral view) or violations of other assumptions that are also necessary to
produce the CAPM (our position).

Fortunately, for some applications, the way one uses the three-factor model
does not depend on one’s view about whether its average return premiums are the
rational result of underlying state variable risks, the result of irrational investor
behavior or sample specific results of chance. For example, when measuring the
response of stock prices to new information or when evaluating the performance of
managed portfolios, one wants to account for known patterns in returns and
average returns for the period examined, whatever their source. Similarly, when
estimating the cost of equity capital, one might be unconcerncd with whether
cxpected return premiums arce rational or irrational since they are in either case
part of the opportunity cost of equity capital (Stein, 1996). But the cost of capital
is forward looking, so if the premiums are sample specific they are irrelevant.

The threefactor model is hardly a panacca. Its most serious problem is the
momentum effect of Jegadecsh and Titman (1993). Stocks that do well relative to
the market over the last three to twelve months tend to continue to do well for the
next few months, and stocks that do poorly continue to do poorly. This momentum
effect is distinct from the value effect captured by book-to-market equity and other
price ratios. Moreover, the momentum effect is left unexplained by the three-factor
model, as well as by the CAPM. Following Carhart (1997), one response is to add
a momentum factor (the difference between the returns on diversified portfolios of
short-term winners and losers) to the three-factor model. This step is again legiti-
mate in applications where the goal is Lo abstract from known patterns in average
returns to uncover information-specific or manager-specific effects. But since the
momentum e¢ffect is short-lived, it is largely irrelevant for estimates of the cost of
equity capital.

Another strand of research points to problems in both the three-factor model
and the CAPM. Frankel and Lee (1998), Dechow, Hutton and Sloan (1999),
Piotroski (2000) and others show that in portfolios formed on price ratios like
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book-to-market equity, stocks with higher expected cash flows have higher average
returns that are not captured by the three-factor model or the CAPM. The authors
interpret their results as evidence that stock prices are irrational, in the sense that
they do not reflect available information about expected profitability.

In truth, however, one can’t tell whether the problem is bad pricing or a bad
asset pricing model. A stock’s price can always be expressed as the present value of
expected future cash flows discounted at the expected return on the stock (Camp-
bell and Shiller, 1989; Vuolteenaho, 2002). It follows that if two stocks have the
same price, the one with higher expected cash {lows must have a higher expected
return. This holds true whether pricing is rational or irrational. Thus, when one
observes a positive relation between expected cash flows and expected returns that
is left unexplained by the CAPM or the three-factor model, one can’t tell whether
it is the result of irrational pricing or a misspecified assetl pricing model.

The Market Proxy Problem

Roll (1977) argues that the CAPM has never been tested and probably never
will be. The problem is that the market portfolio at the heart of the model is
theoretically and empirically elusive. It is not theoretically clear which assets (for
example, human capital) can legitimately be excluded from the market portfolio,
and data availability substantially limits the assets that are included. As a result, tests
of the CAPM are forced to use proxies for the market portfolio, in effect testing
whether the proxies are on the minimum variance frontier. Roll argues that
because the tests use proxies, not the true market portfolio, we learn nothing about
the CAPM.

We are more pragmatic. The relation between expected return and market
beta of the CAPM is just the minimum variance condition that holds in any efficient
portfolio, applied to the market portfolio. Thus, if we can find a market proxy that
1s on the minimum variance {ronter, it can be used to describe differences in
expected returns, and we would be happy to use it for this purpose. The strong
rejections of the CAPM described above, however, say that rescarchers have not
uncovered a reasonable market proxy that is close to the minimum variance
frontier. If researchers are constrained to reasonable proxies, we doubt they
ever will.

Our pessimism is fucled by several empirical results. Stambaugh (1982) tests
the CAPM using a range of market portfolios that include, in addition to U.S.
common stocks, corporate and government bonds, preferred stocks, real estate and
other consumer durables. He finds that tests of the CAPM are not scnsitive to
expanding the market proxy beyond common stocks, basically because the volatility
of expanded market returns is dominated by the volatility of stock returns.

One need not be convinced by Stambaugh’s (1982) results since his market
proxies are limited to U.S. assets. If international capital markets are open and asset
prices conform to an international version of the CAPM, the market portfolio
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should include international assets. Fama and French (1998) find, however, that
betas for a global stock market portfolio cannot explain the high average returns
observed around the world on stocks with high book-to-market or high earnings-
price ratios.

A major problem for the CAPM is that portfolios formed by sorting stocks on
price ratios produce a wide range of average returns, but the average returns are
not positively related to market betas (Lakonishok, Shleifer and Vishny, 1994; Fama
and French, 1996, 1998). The problem is illustrated in Tigure 3, which shows
average returns and betas (calculated with respect to the CRSP value-weight port-
folio of NYSE, AMEX and NASDAQ) stocks) for July 1963 to December 2003 for ten
portfolios of U.S. stocks formed annually on sorted values of the book-to-market
equity ratio (B/M).°

Average returns on the B/M portfolios increase almost monotonically, from
10.1 percent per year for the lowest B/M group (portfolio 1) to an impressive
16.7 percent for the highest (portfolio 10). But the positive relation between beta
and average return predicted by the CAPM is notably absent. For example, the
portfolio with the lowest book-to-market ratio has the highest beta but the Jowest
average return. The estimated beta for the portlolio with the highest book-to-
market ratio and the highest average return is only 0.98. With an average annual-
ized value of the riskfree interest rate, R/, of 5.8 percent and an average annualized
market premium, Ry, — R;, of 11.3 percent, the Sharpe-Lintner CAPM predicts an
average return of 11.8 percent for the lowest B/M portfolio and 11.2 percent for
the highest, far from the observed values, 10.1 and 16.7 percent. For the Sharpe-
Lintner mode] to “work” on these portfolios, their market betas must change
dramatically, from 1.09 1o 0.78 for the lowest B/M portfolio and from 0.98 10 1.98
for the highest. We judge it unlikely that alternative proxies for the market
portfolio will produce betas and a market premium that can explain the average
returns on these portfolios.

It is always possible that researchers will redeem the CAPM by finding a
reasonable proxy for the market portfolio that is on the minimum variance frontier.
We emphasize, however, that this possibility cannot be used to justify the way the
CAPM is currently applied. The problem is that applications typically use the same

®Stock return data arc from CRSP, and book equity data are from Compustat and the Moody’s
Industrials, Transportation, Utilities and Financrals manuals. Stocks are allocated to ten portfolios at the
end of June of cach year ¢ (1963 to 2003) using the ratio of book equity for the fiscal year ending in
calendar year 1 — 1, divided by market equity at the end of December of 1 — 1 Book equity is the book
value of stockholders’ equity, plus balance sheet deferred taxes and investment tax credit (if available),
minus the book value of preferred stock. Depending on availability, we usc the redemption, liquidation
or par value (in that order) to estimate the book value of preferred stock Stockholders’ equity is the
value reported by Moody’s or Compustat, if it 1s available. If not, we measure stockholders’ equity as the
book value of common equity plus the par value of preferred stock or the book value of assets minus
total liabilities (in that order). The portfolios for year 1 include NYSE (1963-2003), AMEX (1963-2003)
and NASDAQ (1972-2003) stocks with positive book equity in ¢ — 1 and market equity (from CRSP) for
December of 1 — 1 and June of { The portfolios exclude securitics CRSP does not classify as ordinary
common equity. The breakpoints for ycar / usc only securities that are on the NYSE in june of year 1.
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Figure 3
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on B/M, 1963-2003
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market proxies, like the value-weight portfolio of U.S. stocks, that lead to rejections
of the model in empirical tests. The contradictions of the CAPM observed when
such proxies are used in tests of the model show up as bad estimates of expected
returns in applications; for example, estimates of the cost of equity capital that are
too low (relative to historical average returns) for small stocks and for stocks with
high book-to-market equity ratios. In short, if a market proxy does not work in tests
of the CAPM, it docs not work in applications.

Conclusions

The version of the CAPM developed by Sharpe (1964) and Lintmer (1965) has
never been an empirical success. In the carly empirical work, the Black (1972)
version of the model, which can accommodate a flatter tradeoff of average return
for market beta, has some success. But in the late 1970s, research begins to uncover
variables like size, various price ratios and momentum that add to the explanation
of average returns provided by beta. The problems are serious enough to invalidate
most applications of the CAPM.

For example, finance textbooks often recommend using the Sharpe-Lintner
CAPM risk-return relation to estimate the cost of equity capital. The prescription is
to estimate a stock’s market beta and combine it with the risk-frce interest rate and
the average market risk premium to produce an estimate of the cost of equity. The
typical market portfolio in these exercises includes just U.S. common stocks. But
empirical work, old and new, tells us that the relation between beta and average
return is flatter than predicted by the Sharpe-Lintner version of the CAPM. As a
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result, CAPM estimates of the cost ol equity for high beta stocks are too high
(relative to historical average returns) and estimates for low beta stocks are too low
(Friend and Blume, 1970). Similarly, if the high average returns on value stocks
(with high book-to-market ratios) imply high expected returns, CAPM cost of
equity estimates for such stocks are too low.”

The CAPM is also often used to measure the performance of mutual funds and
other managed portfolios. The approach, dating to Jensen (1968), is to estimate
the CAPM time-series regression for a portfolio and use the intercept (Jensen’s
alpha) to measure abnormal performance. The problem is that, because of the
empirical failings of the CAPM, even passively managed stock portfolios produce
abnormal returns if their investment strategies involve tilts toward CAPM problems
(Elton, Gruber, Das and Hlavka, 1993). For example, funds that concentrate on low
beta stocks, small stocks or value stocks will tend to produce positive abnormal
returns relative to the predictions of the Sharpe-Lintner CAPM, even when the
fund managers have no special talent for picking winners.

The CAPM, like Markowitz’s (1952, 1959) portfolio model on which it is built,
is nevertheless a theoretical tour de force. We continue to teach the CAPM as an
introduction to the fundamental concepts of portfolio theory and asset pricing, to
be built on by more complicated models like Merton’s (1973) ICAPM. But we also
warn students that despite its seductive simplicity, the CAPM’s empirical problems
probably invalidate its use in applications.

m We gratefully acknowledge the comments of John Cochrane, George Constantinides, Richard
Leftwich, Andrei Shieifer, René Stulz and Tvmothy Taylor.

“The problems are compounded by the large standard errors of estimates of the market premium and
of betas for individual stocks, which probably suffice to make CAPM estimates of the cost of equity rather
meaningless, even if the CAPM holds (Fama and French, 1997; Pastor and Stambaugh, 1999). For
example, using the U.S. Tieasury bill rate as the risk-fiee mnterest rate and the CRSP valuc-weight
portfolio of publicly traded U S. cominon stocks, the average valuc of the equity premium Ry, — R/, for
1927-2003 is 8.3 percent per yeai, with a standaid error of 2.4 percent. The two standard erio1 range
thus runs from 3.5 percent to 13.1 percent, which is sufficicnt to make most projects appecar either
profitable or unprofitable. This problem is, however, hardly special to the CAPM For example, expected
returns in all versions of Merton’s (1973) ICAPM include a market beta and the expected market
premium. Also, as noted carlier the expected values of the size and book-to-market premiums in the
Fama-French three-factor model are also estimated with substantial error.
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